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PREFACE 


This  report  is  an  attempt  by  members  of  the  staff  of  the 
Senton  Harbor  project  to  present  a  somewhat  chronological  story 
of  the  development,  progress,  and  results  of  the  project. 

The  Benton  Harbor  project,  established  in  the  summer  of  1935* 
Tfinas  the  first  of  its  kind  in  Michigan.    Its  purpose  v/as  to  develop 
and  demonstrate  methods  of  maintaining  or  improving  the  fertility  of 
land  over  a  long  period  of  years  by  putting  into  effect  erosion  control 
measures  and  good  cropping  and  cultural  practices.    State  experiment 
station  workers  and  others  liad  observed  that  erosion  \ms  taking  a 
heavy  toll  of  valuable  fruit  land  in  Berrien  County.    The  general 
location  of  the  area  was  the  result  of  t>iese  observaH ons# 

The  problem  of  the  project  was  to  develop  methods  of 
controlling  erosion  and  conserving  soil  in  an  area  devoted  primsxily 
to  the  production  of  perennial  fruits.    The  project,  containing 
55*500  acres,  was  to  serve  as  a  demonstration  area  for  the  lake  shore 
fruit  belt.    This  belt  consists  of  a  strip  of  land  extending  along 
the  eastern  shore  of  Lake  Michigan,  from  Petoskey  to  the  Indiana 
state  line.    The  total  area  includes  approximately  three  and  one-half 
million  9.cres» 

It  should  here  be  emphasized  that  five  field  seasons  is  a 
short  time  in  vfhich  to  develop  and  prove  conservation  practices  for 
orchard  land.    Observations  of  the  various  practices  should  be  made 
during  the  lifetime  of  orchards,  so  that  resultant  conclusions  and 
recommendations  may  be  more  acc^.^rate  and  dependable* 
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INTRODUCTION 
Location  and  Description  of  the  Area 

The  Benton  Ilarhor  project  is  located  in  the  extreme  south- 
western corner  of  Michigan  (Figure  l)  in  a  rather  densely  populated 
area.    The  project  area  consists  of  tv/o  separate  tracts;  npmely,  the 
northern  or  Millburg  area,  consisting  of  approximately  28,000  acres, 
and  the  southern  or  Baroda  area,  consisting  of  7^500  acres*    The  tv^o 
provide  a  variety  of  soils  and  types  of  farming »    Soils  range  from 
windblovm  sands  to  a  heavy,  silty  clay  loara,  and  fejrms  range  in  size 
from  10  to  200  ecres  end  vary  from  strictly  fruit  fnrms  to  the  general 
and  dairy  farms  common  to  Michigan* 

The  topography  mey  be  divided  into  three  general  types. 
One  type  is  characteri7:ed  by  flat,  gently  undulating  low  plains  and 
plateau  plains,  the  direction  of  slope  changing  often,  and  shallow 
swales  or  depressions  receiving  most  of  the  drainage  waters.  Such 
topography  comprises  approximately  5^  percent  of  the  area.    A  small 
percentage  of  the  area  is  characterized  by  longer  slopes  adapted  to 
strip  cropping  and  contour  faming.    Probably  not  more  than  15  to  20 
percent  is  of  this  type.    The  third  ty^e  is  characterized  by  steep, 
complex,  crumpled,  choppy  and  pitted  topography.     The  slor^es  are  ex- 
tremely variable  in  steepness,  length  and  directions  and  extremes  in 
degree  of  steepness,    /^bout  30  to  35  percent  of  the  area  is  thus 
charaoterizedQ 
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CLIMTOLOGICAL  MAP  FOR  SOUTET.^^STERN  MICHIGAN 


Length  of  Growing  Season 
Killing  Frost  in  Autinnn 
Annual  Precipitation 

Figure  1»  _ 


Most  of  the  land  is  situated  from  700  to  ^60  feot  above 
sea  level.    See  Figxires  I|.7         UB  (in  appendix)  for  a  more  de- 
tailed representation  of  topography  and  slopes  in  various  parts 
of  the  area. 

Climate* 

Due  to  the  proximity  of  Lske  Michigan,  the  climate  of  the 
area  is  modified.     The  prevailing  southwest  winds  sweep  across 
the  lake.    Thus  losses  from  early  spring  frosts  are  minimized 
since  the  cold  winds  prevent  fruit  buds  from  developing  until 
after  most  of  the  killing  spring  frosts  are  over.    The  growing 
season  in  the  fall  is  lengthened.    Due  to  this  favorable  climate, 
fruit  growing  is  the  dominant  type  of  farming.    The  average 
grov.dng  season  is  approximtely  180  days,  with  the  last  killing 
frost  in  the  spring  occurring  about  April  26,  end  the  first 
killing  frost  in  the  fall  occurring  about  October  25  (Figure  l). 

Unabated  vfinds  sweeping  across  the  lake  vrlth  frequent 
high  velocities  constitute  a  major  cause  of  wind  erosion  on  the 
sandy  soils  of  the  area.    The  most  severe  wind  erosion  takes 
place  in  late  winter  and  early  spring  ?;hen  most  of  the  vegetation 
is  either  dead  or  devoid  of  leaves.    Some  v/ind  erosion  tslces  place 
in  all  seasons  of  the  year. 


The  annual  precipitation  is  approximately  3U  inches  and  is 
fairly  well  distributed  tliroughout  the  growing  season.    <July  and 
August  often  have  less  rainfall  than  the  spring  and  fall  months 
(Figure  l)» 

The  rainfall  intensity  frequency  data  for  this  portion  of 
the  state  as  given  by  Yarnell  (lii-)*  -/  is  shown  in  TaJDles  2  and  3 
in  the  appendix. 

PVeezing  and  thawing  takes  place  in  the  fall  and  late  winter 
months,  causing  sloughing  of  gully  banks  and  some  heaving  of  vege- 
tationo    These,  of  course,  contribute  to  erosion. 

Certain  erratics  in  climte  also  cause  severe  erosion  losses* 
A  mid-YJ-inter  thaw  that  melts  the  snovf  and  thaws  out  the  ground  for 
a  depth  of  several  inches  v^ith  frost -still  remaining  below  this 
depth  is  an  example*    This  condition,  accompanied  by  intense  rains, 
causes  erosion  losses  in  cropland  and  orchard,  even  though  over- 
winter cover  crops  have  been  planted. 

Drainage. 

The  drainage  pattern  may  be  described  as  "glacial  constructional" 
in  contrast  to  the  dendritic  pattern  common  in  residual  or  other  areas 
where  the  drainage  system  is  the  result  of  geological  erosion. 
"Pothole"  depressions  and  small  marshy  areas  receive  the  drainage 
water  from  large  upland  areas.     Tliese  depression  areas  usually  do 
not  drain  into  streams  by  surface  watervmys.    Any  drainage  that  takes 
place  is  subterraneous.    Probably  only  a  small,  percentage  of  the  grand 
total  of  eroded  material  actually  is  caxried  away  in  streams. 

1/   Figures  in  parantheses  refer  to  literature  cited. 


r 


-  15  - 

Streams  in  general  are  moderately  swift,  carrying  heavy 
loads  of  sediment  only  after  intense  rains.    Stream  bank  cutting 
and  flooding  are  of  minor  importance*    Some  difficulty  is  en- 
countered by  deposition  of  sediment  in  the  more  sluggish  drainage . 
ditches  in  flats  that  receive  the  run-off  from  upland  erodible  areas ♦ 

Native  vegetation* 

The  original  vegetation  consisted  chiefly  of  he.rdvfood  and 
mixed  herdwood  coniferous  forest*    The  heavier-textured  upland 
soils  supported  such  species  as  beech,  hard  maple,  oaks,  ash,  hickory, 
said  others*    Oaks  and  white  pine  were  important  timber  species  on 
the  upland  sands  such  as  Plainfield*    The  species  dominating  on  the 
lowland  areas  were  maple,  elm,  oak,  vdllorf,  and  some  beech,  v^hite- 
wood  or  tulip  poplar*    A  fevf  of  the  ms-rshy  areas  were  vegetated 
mostly  be  sedges  and  shrubs*    Yfild  huckleberries  are  commercially 
important  on  a  few  sites* 
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Agricultural  History  of  the  Area 

Forest  to  fruit « 

The  Benton  HarlDor,  Michigan,  Soil  Conservation  Service 
demonstration  project  area  lies  in  Berrien  County.    Its  history 
is  much  the  same  as  that  of  the  county,  which  in  turn  is  closely 
linked  to  that  of  the  St»  Joseph  River  valley»    Until  late  in  the 
1700*5,  the  Pottawatomie  Indians  were  sole  occupants  of  that  valley* 
Authentic  record  of  the  first  visit  of  white  men  is  the  account  of 
LaSalle*s  explorations  on  his  way  to  the  Mississippi.    He  reached 
the  mouth  of  the  St«  Joseph  River  November  1,  l679«    About  I78O, 
the  first  trading  post  was  established  at  the  mouth  of  the  river 
by  Williata  Burnett*    Records  for  1801  shaw  that  a  part  of  the 
shipment  from  the  trading  post  consisted  of  maple  sugar* 

The  pioneer  colonist  and  farmer  of  Berrien  County  was  Squire 
Thompson,  vftio  settled  there  in  1825 •    In  the  early  years,  the  county 
passed  through  the  usual  stages  of  pioneer  development  in  forest 
country.    Gradually,  increasing  acreage  of  woodlend  it&.s  cleared 
and  brought  into  cultivation.    With  the  introduction  of  binders 
and  other  improved  machinery  in  the  1870*s,  wheat  became  an  impor- 
tant crop  for  export. 

Little  prairie  land  existed  in  Berrien  County,  only  tvfo 
prairies  being  mentioned  by  early  witers.    Neither  of  these 
covered  any  of  the  land  in  the  Soil  Conservation  Service  demons- 
tration area* 
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Hhe  so-called  "barrens"  Tdiich  occupied  a  small  portion  of 
many  tovmships  consisted  of  ssjady  soil  covered  vfith  s  tunted  trees 
and  vegetation.    This  soil  was  poor,  "but  by  the  use  of  fertilizers 
and  careful  management,  it  has  been  made  to  produce  fairly  remunera- 
tive crops*    3iese  lends  vrere  found  to  be  capable  of  raising  certain 
kinds  of  fruit  or  truck  crops,  end  in  this  v/ay,  some  of  the  poor  land 
has  been  made  highly  profitable* 

Much  of  the  county  was  originally  covered  with  forests  of 
valuable  timber,  consisting  mainly  of  white  and  red  oak,  hickory, 
whitewood,  maple,  beech,  black  walnut,  elm,  ash  and  bassvrood.  I^any 
townships  were  almost  covered  ■'-vith  immense  forests  of  tall,  thick 
timber* 

A  most  picturesque  feature  of  landscape  v/as  presented  to  the 
first  settlers  in  the  form  of  "oak  openings."    Dotted  over  the  county 
were  extensive  forests  of  large,  handsome  v/-hite  oak  trees,  looking 
like  stately  parks.    The  trees  were  separated  at  some  distance  from 
each  other;  no  underbrush  grew  betvreen  themj  and  a  vehicle  could 
pass  through  these  forests  in  almost  any  direction  mth  perfect  ease. 

In  their  eagerness  to  clear  the  land,  the  early  settlers 
burned  enormous  quantities  of  valuable  timber.    Subsequently,  the 
lumber  industry  denuded  the  land  of  the  remainder.    Lumbering  was 
important  for  many  years,  but  since  about  I9OO,  there  remained  no 
large  tracts  of  virgin  timber. 


The  first  saw  mills  iDegan  oper&.tion  during  the  1850»s  and 
the  earliest  lumbering  operations  appesj:  to  have  been  in  Bainbridge 
Toimship,  a  part  of  whioh  lies  within  the  project  area.  Extensive 
lumbering  operations  were  carried  on  in  that  part  of  the  county  for 
a  nmber  of  years  around  1850«    The  larger  mills,  however,  operated 
betT»veen  I860  ©jid  18S0«    These  closed  down  about  1385  for  lack  of  logs# 

Settlement  followed  rapidly  after  the  eaxly  Ixamber  operations, 
immigrants  coming  in  from  the  east  and  south  in  considerable  numbers 
shortly  after  181].^%    Immigration  was  influenced  by  the  opening  of 
the  Erie  Canal  and  construction  of  the  Chicago  Road.    Host  of  the 
land  had  been  settled  by  the  time  of  the  Civil  War. 

Probably  the  first  apple  orchard  in  Berrien  County  was  planted 
by  William  Burnnett  about  1780,  ivlien  he  built  his  home  on  the  bank  of 
the  St.  Joseph  River  near  the  present  site  of  Napier  Bridge.  About 
1826,  200  peach  trees  and  100  apple  trees  were  planted  at  the  Carey 
Baptist  Mission  at  Mies.    The  early  peach  trees  vrere  seedlings,  and 
fruit  was  sold  in  1337  from  an  orchard  set  four  years  previously. 
The  commercial  peach  industry  in  the  county  commenced,  hovTever,  about 
18i48  vri.th  a  setting  of  budded  trees.    A  shipment  of  peaches  to  Chicago 
was  made  as  early  as  1839.    During  the  first  period  of  this  industry, 
the  peak  ms  reached  about  1872,    An  epidemic  of  peach  yellows,  which 
started  in  1868,  practically  vdped  out  the  industry,  cutting  it  to 
its  lowest  point  in  1879.    Recovery  apparently  begeJi  about  1890.  The 
later  period  of  the  industry  may  v;ell  be  followed  through  census 
reports,  v^ich  indicate  a  rapid  increase  in  the  importance  of  horti- 
cultiiral  crops  and  development  of  manufacturing  establishments « 
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Water  transportation  played  an  importsjit  part  in  the  early 
settlement  of  the  county.    River  traffic  vms  carried  on  first  in 
flat  boats  sud  keel  boats.    Later,  steamboats  plied  the  St«  Joseph 
River  as  far  as  Elkhaxt,  Indiana,  or  roughly  a  hundred  miles* 

The  larger  boats  ceased  navigation  about  1370*    This  is  said 
to  have  been  partly  due  to  low  water*    I1r»  Albert  Beaton,  of  Benton 
Township,  who  has  resided  in  the  county  for  jh  years  (since  I867), 
states  that  steamboats  operated  on  the  St»  Joseph  River  to  Kiles 
(approxirrately  50  miles  by  river)  until  about  I87O,  when  a  large 
sand  bar  formed  across  the  river  at  Berrien  Springs* 

A  word  picture  of  land  and  water  conditions  during  the  early 
days  is  given  by  Reber  (10)  as  follovTst 

"Unbroken  stretches  of  forest  and  swemp  was  the  rule  in  those 
days.    The  deep  snovirs  of  winter  ?/ere  held  in  the  dark  forests  so  that 
spring  melting  was  a  gradual  process.    The  thick  mat  of  leaves  held 
v^ater  like  a  sponge,  so  that  runoff  through  creek  and  stresinlet  was 
an  all  summer  process.    Hundreds  of  gushing  springs  aided  in  keeping 
up.  the  flow  of  water.    Old  settlers  speak  regretfully  of  many  fine 
springs  which  have  vanished  today.    I&ny  broad  acres  which  noav  are 
in  crops  were  then  swamp  land  •  •  •  .  • 


"These  favorable  conditions  existed  from  the  source  of  the 
river  to  its  mouth  so  that  a  constant  great  floiv  of  water  was 
assured  the  year  around.    As  a  natural  consequence,  the  St©  Joseph 
River  of  those  days  ?/as  a  much  broader,  deeper  stream  than  the  one 
we  vievj-  today.    Navigation  by  steamer  and  keel  boat  vms  possible 
as  f&T  up  the  river  as  Elkhart,  and  »arks»  and  flat  boats  came  for 
many  miles  further  still." 

Important  changes  during  the  early  history  of  the  coimty 
appeeired  to  have  exerted  influences  converging  about  1870«  I;bst 
of  the  land  was  settled  by  that  time  and  the  lumber  industry  Ysras 
close  to  its  peak*    Yi/heat  was  becoming  an  important  export  crop 
and  navigation  of  the  St.  Joseph  River  yi&s  being  destroyed  by 
sand  bars.     The  protective  forest  was  rapidly  being  destroyed, 
the  earth  was  being  plov/ed,  and  soil  erosion  7f as  on  its  way. 

That  v;as  only  70  years  ago.    Today,  no  cominercial  traffic 
exists  on  the  St.  Joseph  River.    In  fact,  during  most  of  the  year 
its  navigation  by  canoe  is  difficult  and  can  be  accom.plished  only 
by  making  numerous  portages.     This  would  be  even  m.ore  difficult 
except  for  influence  of  povirer  dams  in  keeping  a  continuous  flow. 
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At  a  point  six  miles  upstream  from  its  mouth,  a  rough  measure- 
ment ^^ras  made  of  iiie  amount  of  soil  being  carried  by  the  St.  Joseph 
River  following  rains  of  February  8  and  9*  Estimated  from, 

records  available  for  the  area,  the  rainfall  on  these  tvro  days  was 
about  3  inches.    This  measurement  showed  that  approxir::ately  hj  mil- 
lion pounds  of  good  earth  vrere  cexried  into  Lake  Michigan  in  2ii  hours. 
This  lasted  about  four  ^ays  end  is  suggestive  of  what  niay  be  expected 
follcTfing  severe  rain  storms  in  the  vicinity. 

Each  spring,  approximately  §17,000  is  spent  to  clear  from  the 
harbor  at  the  mouth  of  the  St.  Joseph,  the  mud  ejid  sand  deposited 
there  by  the  river.    These  materials,  through  erosion,  have  been 
removed  from  this  once  forest-covered  valley. 

The  situation  is  even  more  serious  than  this  cost  indicates. 
A  dam  at  Berrien  Springs,  15  miles  inland  from  the  harbor,  forms  a 
reservoir  which  acts  as  a  settling  basin  for  much  of  the  materials 
carried  from  the  upper  reaches  of  the  river*    Sedimentation  of  the 
harbor,  then,  is  largely  by  materials  eroded  from,  the  northern  half 
of  Berrien  County  (Figure  2)« 
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(Mich-3110 


An  outsider  coining  into  the  Michigan  fruD-t  belt  notices  that 
vineyards^  cane  fruits  and  orchards  of  tree  fruits  Vtave  been  culti- 
vated up  and  dov'/n  hill  until  great  ditches  have  formed  betv/een  tlie 
rows  on  the  slopes  (Figures  5         h)»    Often,  the  topsoil  is  gone 
and  the  loss  in  fertility  is  clearly  evident  by  the  size  of  the 
trees  and  the  color  of  their  foliage.    Yet  the  grower  has  persisted 
in  setting  his  fruit  in  straight  rows,  with  little  thought  of  topsoil* 
loss* 

One  of  the  first  successful  peach  growers  in  the  county 
attributed  much  of  his  success  to  frequent  cultivation  of  the  trees. 
This  became  the  recommended  practice  and  even  today,  many  local 
orchardists  pride  themselves  on  keeping  all  vegetation  destroyed 
betvreen  the  tree  rov/s.    Frequently,  this  is  done  from  early  spring 
until  well  into  the  summer  and  where  no  cover  is  seeded,  the  ground 
may  be  practically  here  and  exposed  to  erosion  for  12  m.onths  of  the 
year.    There  is  little  Y^onder,  then,  that  the  waters  of  the  St.  Joseph 
run  muddy  after  every  hegvy  rain» 
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Figure  3»    Erosion  in  raspberries  set  in  str&ig^^t  rovrs 
up  and  d.o\m  hill.    Note  the  numerous  gullies  between 
the  rows.    Some  of  the  plents  have  been  T/ashed  out 
completely,  while  others  have  been  almost  covered  by 
deposited  soil.  (LIich-230.) 
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Figure  Ij..    Erosion  in  a  square  plented  orchard.  This 
is  a  typical  soene  resulting  from  clean  cultivation 
in  square  set  orchards  where  no  thou|f;ht  was  given  to 
soil  conservation  practices*  (Mich-189») 
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Factors  influencing  cha.nges» 
Climatic » 

The  change  from  forest  to  agriculture  was  brought  about  by- 
man's  desire  to  feed  and  clothe  himself  and  his  family.  Sovirever, 
the  change  from  general  farming  to  horticultural  crops  was  caused 
by  his  desire  to  increase  his  cash  income,     ihis  change  to  horti- 
cultural crops  was  made  profitable  because  the  climatic  and  economic 
conditions  were  unusually  favorable.    Ihe  greatest  factor  which  in- 
fluences the  climate  of  Berrien  County  and  makes  it  favorable  to  the 
production  of  fruit  is  its  location  in  relation  to  Lake  Michigan. 
The  moderating  effect  of  the  lake  on  the  climate  of  Berrien  County 
is  usually  r  ealized  to  its  majcimum  extent  in  the  spring,  Y.-hen 
blossoming  is  retarded  \intil  the  end  of  the  spring  frost  period. 
The  temperature  during  the  winter  season  is  likev.lse  moderated 
by  the  lake  so  that  temperatures  low  'enough  to  cause  winter  freez- 
ing of  fruit  trees  seldom  occur.    However,  when  the  Iske  becomes 
completely  frozen  or  covered  with  rubble  ice,  the  temperature  m^ay 
become  low  enough  to  cause  severe  injury  to  fruit  trees.    Such  was 
the  case  in  1899  and  I913.     In  191?  end  in  I936,  little  of  the  lalze 
surface  rem-ained  open  and  temperatures  as  low  as  12  below  zero  were 
reported. 
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Econoirxic, 

The  naturs.l  abundance  of  v/ild  fruits,  as  Trell  as  the  moderat- 
ing effects  of  Lake  Michigan  on  temperatures,  was  sujfficient  evidence 
to  the  early  settlers  that  fruit  could  he  gro-vm  here.    The  limiting 
factor  in  the  development  of  the  fruit  industry  along  the  leke  was  a 
sufficiently  rapid  system  of  transportsticn  to  Chicago  and  other 
markets  to  allow  quick  delivery  of  the  perishable  products. 

The  first  shipments  of  fruit  were  made  to  Chicago  by  boats. 
As  the  value  of  this  type  of  transportation  end  the  relatively 
short  time  taken  to  reach  the  market  was  recognized,  the  people  of 
Eenton  Harbor  realized  the  need  of  a  better  way  for  getting  their  fruit 
and  other  products  across  the  sv/amp  lands  at  the  mouth  of  the  St.  Joseph 
River  to  a  suitable  docking  place  for  lake  boats.    Mth  this  problem  in 
mind,  the  leading  citizens  promoted  the  building  of  a  canal  extending 
throuj-h  this  swamp  land  to  provide  means  for  direct  shipment  to  the 
rich  Chicago  market. 

After  the  ca.nal  was  constructed,  the  fruit  industry  grefw 
rapidly  and  a.pparently  in  accordance  with  the  demejads  of  the  Chicago 
market.    At  first,  those  near  the  shipping  points  were  the  principal 
growers,  then,  vfith  improved  roads  and  railroad  facilities,  the 
production  of  fruit  expanded  over  a  larger  territory. 
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Establishment  of  the  Benton  Harbor  "cash-to-grower"  fruit 
market  in  1930  has  been  one  of  the  outstanding  achievements  in 
marketing  the  fruits*    Average  sales  of  the  major  tree  fruits  on 
this  market  for  the  1951  to  1958  period,  inclusive,  vreret  apples, 
6L.3,100  bushels;  peaches,  5^0,820  bushels;,  and  pears,  ll4.6,000  bushelso 
L8.rge  quantities  of  other  fruits  and  vegetables  have  also  been  sold  on 
this  market,  where  buyers  from  nearly  every  state  in  the  Union  have 
congregated.    Sales  of  approximately  $25,000,000  of  fruits  and  vege- 
tables, up  to  and  including  193^*  qualifies  it  as  one  of  the  leading 
regional  wholesaJe  markets  in  the  world. 

There  is  also  a  large  number  of  grovi/ers  xfho  sell  direct  from. 
farm.  to  wholesalers,  or  distribute  their  produce  through  cooperative 
organizations,. 

Fruit  groYfing  in  the  southern  or  B8.roda  area  is  a  relatively 
nevf  practice,  compared  to  the  Millburg  or  nothern  area.    Lhny  of 
these  farmers  are  noT^-  in  the  process  of  chs.nging  over  from  dairying 
to  fruit  farming.     This  change  has  probably  been  due  to  increased 
demands  for  fruits  and  better  facilities  for  transporting  the  pro- 
ducts to  market* 
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DETELOHvIEIff  OP  TKE  HlOGRAJ>a  OF  WORK 

At  the  outset  in  1935*  0-  program  of  vrork  was  developed.  It 
was  to  serve  as  a  general  guide  for  the  establishment  of  conserva- 
tion  practices,  both  in  a  general  way  for  portions  of  the  area  and 
for  specific  fsjrms  and  individual  fields  on  these  farms*     It  repre- 
sented a  smnraary  of  the  general  conditions  or  problems  existing  and 
the  practices  or  combination  of  practices  that,  according  to  best 
information  and  Judgment,  v/ould  conserve  soil  over  a  long  period  of 
years  and  be  economically  feasible* 

To  formulate  the  progrsjn.  of  i.'7ork,  it  seemed  desirable  to 
make  a  general  physical  and  economic  inventory  of  the  exea. 
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Preliminery  Studies 

Reconnaissance  conservation  survey* 

This  type  of  survey  represents  a  general  land  inventory* 
Features  mapped  are:    Soil  type,  slope  combinations  or  topography, 
erosion  conditions  and  the  type  of  cover*    G-eneral  9.reas  were 
found  Yrhere  the  characterizing  slopes  were  about  15  percent,  the 
soils  mediuin  textured  sandy  loams  v^rith  sandy  clay  substratum, 
erosion  severe  on  most  slopes  end  most  of  the  land  planted  to 
perennial  fruits  on  the  square  system.     It  is  obvious  that  ex- 
treme t^'pes  of  conservation  measures  would  be  necessary  on  such 
sites*    Other  areas,  comprised  of  drouthy  sands  vd.1bh  undulating 
topography,  did  not  have  severe  water  erosion*    However,  wind 
erosion  is  of  major  importance*    Practices  for  such  an  area 
must  be  designed  to  control  wind  erosion  and  increase  the  hijmus 
or  organic  matter  in  the  soil,  v^hich  will  improve  the  fertility 
and  reduce  drouthiness*    Thus,  it  is  apparent  that  the  practices 
needed  to  conserve  soil  are  detemined  primarily  by  the  physical 
features  of  the  land  and  the  type  of  farming  practiced* 

A  duplicate  of  the  general  conservation  survey  map,  v/ith 
legend  and  summary  of  results,  is  shovm  in  Figures  kl  a^^d  l\B  end 
in  Table  k  in  the  appendix* 


Eoonoinic  survey* 

To  determine  the  eoonomio  feasibility  and  implications  of 
the  proposed  erosion  control  and  lend  use  progrem  for  f sxming  "with- 
in the  a.rea,  it  vm.s  necessary  to  determine  the  type  of  f ejrming  ejid 
economic  factors  relating  to  type  and  management  end  to  analyze 
these  factors  in  relation  to  the  proposed  progrem.     To  accomplish 
this,  a  preliminary  survey  of  the  economic  end  physical  factors  Yfas 
made  and  data  compiled  from  i].0  typical  farms  in  the  liillburg  ejrea. 
The  conclusion  re&ched  in  this  analysis  was  that  erosion  control 
and  "better  land  use  practices  were  essential  to  successful  perma- 
nent farming.     The  results  of  this  survey  v/ere  incorporated  as  peJft 
of  the  project  v.^ork  program. 

Program  of  Vfork 

The  foregoing  pages  contain  some  information  from  the  project 
work  program,  developed  and  submitted  for  approval  during  the  winter 
of  1935  sjad  1930 •    ?or  the  details  of  this  program,  the  original 
"Project  Vvork  Program,  Soil  Conservation  Service,  Benton  Harbor 
Project"  (unpublished)  maybe  consulted. 

Activities  Facilitating  Execution  of  the  Program 

Education. 

Educational  '.rork  in  the  early  ptriod  of  the  project  consisted 
primarily  of  attempting  to  teach  the  public  to  recognize  erosion  and 
to  accept  it  as  a  menace  to  the  pi.oduction  capacity  of  fields  and 
f  8jrms* 
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One  of  the  first  steps  in  f cmiliarizing  the  local  citizens 
vfith  soil  erosion^  consisted  of  meetings  -uTithin  the  project  area, 
"With  the  cooperation  of  the  Berrien  County  Agricultural  Agent  and 
members  of  the  State  Extension  Service  sta.ff.  'Ihe  primary  purpose 
of  these  meetings  ims  to  make  farmers  conscious  of  erosion  and  to 
give  a  brief  description  of  the  objectives  of  the  Soil  Conservation 
Service* 

UeTiTS  releases  to  local  daily  papers  were  used  frequently  and 
occasionally,  items  of  general  interest  were  released  for  use  in 
periodicals  having  a  vfide  distribution  throughout  the  state. 

Exhibits  were  rr  epared  for  use  at  county  agricultural  fairs, 
school  fairs  and  farmer  meetings  at  Michigaji  State  College.  These 
consisted  of  enlarged  pictures  with  short  descriptions  and  a  model 
farm  showing  the  old  and  nen  methods  of  farming  as  they  were  actually 
being  put  into  effect  on  a  local  fruit  and  livestock  farm. 

As  the  vrork  progressed  arxi  people  began  to  realize  the  serious- 
ness of  erosion,  more  time  was  spent  conducting  tours  to  show  methods 
of  control*    Other  educational  activities  also  began  to  stress  control 
methods  more  and  more  as  they  were  proved  effective  and  practical  un- 
der actual  farm  conditions* 
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Conservation  survey* 

'Bie  detailed  conservation  survey  was  similsv-  to  the  recon- 
naissence  or  genera.!  survey  previously  referred  to,  in  that  the  S8ne 
factors  were  indicated.    Hovj-ever,  it  differed  in  detail*     Ihe  former 
was  completed  for  the  purpose  of  portraying  a  general  picture  of  the 
area  to  facilitate  the  development  of  the  project  program  or  guide. 
The  latter  was  used  as  a  basis  for  detailed  farm  planning. 

Aerial  photographs^  scale  1"  -  500**  were  used  as  base  maps 
in  the  northern  or  LlillbiArg  area.     The  southern  or  Baroda  area  was 
mapped  by  the  plane  table  method,  using  the  same  scale.    A  detailed 
summary  of  erosion  end  slope  conditions  of  the  project  v;^s  not  com- 
pleted.   However,  a  general  picture  of  such  conditions  can  be  ob- 
tained by  referring  to  the  reconnaissance  soil  conservation  maps 
(Figures  IlJ  and  I4.8)  in  the  appendix* 

The  detailed  picture,  as  presented  by  the  conservation 
surveys  of  individual  farms,  illustrated  that  present  farming 
methods  were  not  maintaining  the  fertility  of  the  land  on  many 
farms.     Hiis  was  especially  true  of  sloping  areas  on  which  water 
erosion  w&.s  severe  and  on  sandy  areas  conducive  to  vri.nd  erosion* 
It  definitely  indicated  that  in  many  instances,  land  was  being 
used  improperly  ajad  that  erosion  control  practices  were  lacking 
on  most  sites. 
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Economic  survey* 

A  survey  of  certain  economic  factors  within  the  project  area 
was  made  by  obtaining  information  concerning  these  factors  from  60 
farms  selected  at  random  t}iroughout  the  area.     The  survey  report 
shov/ed,  among  other  things,  -that  fanning  v/as  of  the  intensive  horti- 
cultural type,  farms  were  small  exid  investments  high,  improper  lend 

» 

use  and  erosion  v^ere  common  to  both  high  and  lov,r  income  farms  and 
that  although  earnings  vrere  not  submarginal  on  the  average,  they 
vrere  not  as  large  as  might  be  expected  from  the  intensive  use  to 
which  land,  labor  and  capital  were  put. 


ESTABLISIil\IMT  ML  OBSiiRVATIONS  OF  EROSION  ' 
CCIITROL  EPJ^.CTICES 

The  application  of  erosion  control  practices  to  lend  under 
general  farming  conditions  is  being  demonstrated  in  many  parts  of 
this  country*    Eowever,  use  of  such  practices  on  fruit  lejid  in  this 
project  area  has  heen  limited,    aence,  the  estahlishment  of  those 
practices  in  orchards  on  this  project  has  been  made  vrith  limited 
experimental  background.    Because  1+5  percent  of  the  land  under  co- 
operative agreement  on  the  project  is  given  over  to  the  piroduction 
of  perennial  horticultural  crops,  an  excellent  opportunity  was  af- 
forded for  the  observation  of  soil  conservation  practices  on  fruit 
land  under  various  conditions. 

T/Vhile  the  field  observations  given  in  this  report  may  not 
seem  to  be  in  accord  \'n.th  closely  controlled  experiments,  it  should 
be  borne  in  mind  they  represent  a  fair  cross-section  of  vrhat  rras 
found  in  the  field.    For  example,  seedings  are  frequently  ruade  too 
late,  or  under  adverse  weather  conditions  which  greatly  influence 
their  survival  and  entirely  reverse  the  results  that  would  have  been 
obtained  under  controlled  experimental  conditions* 
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?ruit  Lajid 

Both  vegetative  end  mechanical  means  have  been  utilized  in 
establishing  erosion  control  on  orchard  lands.     In  laying  out  nevj" 
orchards,  plans  :;,.ay  be  made  for  the  use  of  those  control  methods 
considered  to  be  the  most  practical  and  effective  for  the  particu- 
lar kind  of  fruit  and  site  being  considered.     The  application  of 
control  practices  to  established  orcliards,  however,  is  modified 
somewhat  by  various  influences  end,  consequently,  the  folloTdng 
discussions  concerning  individual  practices  treat  them,  in  a 
number  of  cases,  from  the  standpoint  of  both  new  plantings  and 
plantings  already  established* 

Sod  in  orchards. 

Vegetation  and  vegetative  matter  are  generally  conceded  to 
be  the  most  economical  and  most  efficient  naethods  of  soil  erosion 
control.    In  adapting  vegetative  cover  to  orchard  lands,  tvro  things 
should  be  borne  in  mind.    First,  that  8,ny  vegetation  growing  in  an 
orchard  is  competing  directly  vdth  the  tree  for  plant  food  and 
moisture,  regardless  of  the  soil  t;j/pe.    Second,  that  numerous 
methods  can  be  used  to  cut  this  competition  to  a  minimum,  control 
soil  erosion  end  grow  good  fruit. 
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The  competition  for  plant  food  can  ordinaj^ily  be  taken  care 
of  by  the  inores.sed  application  of  commercial  fertilizer,  or  barn- 
yard msjiure  irhere  available.    The  problem  of  handling  moisture 
competition  is  some^z/hat  complicated*    Various  workers  (7)  have 
reported  on  the  Yiide  ran^e  in  moisture  retaining  ability  of  different 
soil  types.    The  sandier  soils  are  found  to  be  the  least  retentive  and 
the  I08J11S  and  clays  the  most  retentive  of  moisture.     It  is  obvious, 
therefore,  that  with  a  heavy  sod  of  equal  density  on  both  t^/pes  of 
soil,  moisture  competition  would  likely  be  much  more  serious  on  the 
sands  than  on  heavier  soils. 

There  are  at  least  tv70  methods  of  approach  to  this  problem 
of  moisture  competition.    The  first  and  perhaps  the  most  noteworthy 
solution  is  proper  lend  usej  that  is,  crops  with  the  least  m.oisture 
requirements  should  be  grown  on  the  land  v^hich  lias  the  least  ability 
to  supply  moisture.    YJhile  this  is  the  logical  method  of  handling  nevf 
plantings  on  open  lejid,  it  is  of  conpara.tively  little  immediate  value 
in  solving  the  problem  where  the  land  is  already  set  to  perennial  fruits. 
l/TThen  old  established  orchards  or  small  fruits  are  rem.oved,  the  area  can 
be  utilized  to  obtain  any  desirable  adjustments  in  land  use.    The  second 
method  of  approach  is  concerned  Y/ith  the  various  methods  of  sod  mans,ge- 
ment. 

Pom.e  fruits. 

The  apple  sjnd  the  pear  are  the  most  widespread  of  the  pome 
fruits  in  the  project  area.    Of  these  tiro,  the  apple  is  by  far  the 
more  common.    Therefore,  statements  made  herein  will  pertain  largely 
to  apples. 
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It  is  well  to  mention  here  that  the  average  apple  grovrer  has 
regarded  sod,  as  it  has  been  hendled  in  the  past,  as  making  too  much 
coiripetition  for  moisture  to  warrant  its  extensive  use»  Perhaps 
growers  have  been  justified  in  this  belief  when  some  of  the  available 
production  figures  are  considered. 

According  to  7'fright  and  O'Brien  (13)  the  average  production 
of  tree-run  apples  in  this  area  was  18h.  bushels  per  acre  in  1935» 
Estims-tes  by  the  grov/ers  for  the  tvro  previous  years  shov^;-  this  figure 
to  be  about  10  percent  ehoYe  the  average  yield  for  those  years. 
Figures  presented  by  Gaston  (U)  shcr-v  that,  for  a  li-year  period  in 
southv/estern  Liichigeji,  3U«2  percent  of  the  cull  apples  were  culls 
because  they  vrere  too  small*    Of  the  orchards  used  in  the  tvro 
studies  referred  to  above,  some  were  in  sod,  but  most  of  them  were 
clean  cultivated.    The  nati-u-al  deduction  is  that  if  th.ese  yields 
are  the  best  that  can  be  obtained  mth  clean  cultivation,  any 
additional  competition  for  plant  food  and  moisture  resulting  from 
the  use  of  sod  vfould  further  complicate  the  situation. 
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However,  one  of  the  factors  to  which  too  little  attention 
has  heen  ziYon  is  the  voliime  of  soil  and  moisture  losses  due  to  run- 
off.    If  15  inches  of  rain  fell  on  an  orchard,  it  has  generally  been 
assumed  that  it  t/du1q  all  be  available  to  the  trees •     It  has  also  been 
assuiried  that  if  manure  were  applied,  say  at  20  tons  per  a.cre,  all  the 
plent  nutrients  contained  in  this  manure  would  be  available  to  the 
trees.     In  view  of  the  member  of  orchard  sites  where  the  fruit  trees 
are  gone  and  the  site  has  been  destroyed  for  further  cropping 
(Figure  5)j  it  is  obvious  that  these  assumptions  are  fallacious.  In 
fact,  where  orchard  sites  have  been  destroyed  by  clean  cultivation, 
the  land  has  been  sold  in  the  form  of  fruit. 

Investigations  on  the  Benton  Harbor  erosion  control  demons- 
tration plots,  carried  on  for       months,  indicate  that  of  the  total 
rainfall,  moisture  losses  resulting  from  run-off,  up  to  29  percent 
may  be  expected  on  a  liillsdale  ^andy  loam  soil,  v/ith  II4  percent  slope, 
vfhen  clean  cultivation  is  practiced  up  and  dovm  hill.    Along  with  this 
moisture  loss,  x'aluable  topsoil  and  plant  food  virere  lost  to  the  extent 
of  i4-71  tons  per  acre,  or  at  an  annual  rate  of  1^2  tons  per  acre.  An 
adjoining  plot,  seeded  to  grasses,  under  identical  conditions,  lost 
3.5  percent  of  the  total  rainfall  and  0.22  ton  of  soil  (soil  loss 
occurred  during  the  yea.r  of  seeding  grasses).    A  third  plot,  v/ith 
complete  straw  mulch,  started  a  ye^r  later,  at  the  same  location, 
lost  0.5  of  1  percent  of  the  rainfall  for  a  31-month  period,  r.lth 
no  soil  loss. 


Figiire  5.    Fruit  site  in  Coloma  ToT-mship,  Berrien 
County,  destroyed  through  olean  cultivation  and 
wind  erosion.    This  site  was  brushed  preparatory 
to  reforesting  in  1936#  (HiGh-92) 
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stone  fruits • 

Sod  has  been  used  to  sone  extent  in  stone  fruit  orchards. 
However,  no  large  acreages  of  cherries,  pluins  or  peaches  had  been  in 
sod  when  the  Benton  Eprbor  project  was  started ♦    T^to  peach  orchards  in 
sod  outside  the  area  gave  some  indication  that  it  might  be  possible  to 
m-aintain  peaches  in  sod  (at  least  on  critical  slopes)  where  the  soil 
cannot  be  satisfactorily  maintained  under  clean  cultivation. 

On  all  cooperating  farms  in  the  project  area,  there  was  a  total 
of  22h,  acres  of  orchard  in  perennial  cover  before  agreements  were  worked 
out*    This  figure  covered  all  t^'pes  of  orchards.    However,  there  were  no 
peaches  in  sod  on  these  farms.    After  agreements  were  v/orked  out  for  all 
farms,  the  cooperators  had  agreed  to  sod  enough  additional  orchards  to 
make  a  total  of  995  acres.    As  of  January  1,  19^1*  910  acres  of  sod 
cover  yrere  in  effect.    Of  these  910  acres  of  orchards  in  sod,  ^2  acres 
were  peaches  on  20  different  farias.    This  includes  both  old  peach  or- 
chards, portions  of  ivhioh  v/ere  put  into  sod  to  save  the  site  for 
future  plejitings,  and  young  orchards  which  were  Qleex.  cultivated  along 
the  tree  ro7>rs.     These  orchards  have  not  been  in  sod  long  enough  to  be 
able  to  m.ake  general  recommendations  at  this  time.    Hov/ever,  a  few 
observations  mil  be  given  here. 
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During  the  last  four  years,  it  ims  been  T^ossilDle  to  grov/  good, 
young  peach  trees  in  sod  on  light  *  sandy  soil  (Color.a  loaaiy  sand)  vj-ith 
the  available  rainfall*    These  trees  were  in  alfalfa  and  grass  sod 
with  a  l.i.-foot  strip  cultivated  along  each  side  of  the  tree  rov/ 
(Figure  6)«    During  the  first  tvro  years,  the  alfalfa  was  cut  for  hay» 
In  the  third  yesjr*  it  was  cut  and  left  on  the  ground.    This  practice 
has  also  proved  satisfactory  on  heavy  ground*    Trees  planted  in  1953j 
in  an  alfalfa  sod,  on  a  raedium  heavy  soil  (Hillsdale  sandy  loam)  have 
made  a  good  grovrth.    They  were  given  a  little  mulch  of  barnyard  meja^jre 
and  straw  as  soon  as  they  were  set* 
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Township,  Berrien  County.  (Ilich-U89) 
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A  2-year  old  peach  orchard  vms  seeded  to  grass  in  193*^  on 
heavy  soil  (Miami  silt  loam)  having  on  the  average  of  50  percent  of 
topsoil  removed  by  sheet  erosion  and  occasional  shallow  gullies, 
similar  to  that  sho^m  in  Figure  7«     'ih©  slope  on  this  land  ranged 
from  I4.  to  7  percent*    Seeding  'vms  made  to  save  vjhat  soil  remained  on 
the  site.    The  trees  made  little  growth  the  first  year  after  seeding* 
The  second  year,  a  mulch  of  red  clover  hullings  vras  applied  around 
the  trees  end.  since  that  tine,  they  have  ina.de  a  fair  grovrth.  IioTfe\''er, 
all  the  trees  in  t^e  block  are  smaller  than  they  should  be  at  their 
age»    Yfhere  most  of  the  topsoil  was  gone,  the  soil  loss  has  been  re- 
flected directly  in  groT/th  of  the  trees  and  color  of  the  foliage*  The 
trees  have  a  stunted  appearejice  and  the  foliage  a  yellov/ish  cast, 
indicating  a  nitrogen  deficiency* 

Conclusions* 

The  use  of  vegetation  in  orchards  is  essential  for  soil 
erosion  control* 

The  sod  in  the  orchard,  as  ^vell  as  the  tree,  should  be 
fertilized* 

In  dry  years,  living  vegetation  may  cause  serious  competi- 
tion for  moisture  «-ith  the  tree* 

The  use  of  mulch  vmder  the  trees  vrill  help  to  eliminate 
this  competition* 

Various  methods  of  mar.agements  should  be  worked  out  to 
cut  to  a  minimum,  moisture  competition  with  the  tree* 
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Sod  and  mulch* 

Although  complote  sod  in  orchards  has  "been  questioned  by  the 
majority  of  growers  in  the  pastj  many  have  considered  a  sod  and  mulch 
method  of  m.anagement  vdth  som.e  favor*    I^Ailoh  here  means  a  layer  of 
dead  vegetative  matter  placed  under  the  limb  spread  of  the  tree,  thick 
enough  to  kill  out  any  vegetation  grovilng  there.    The  value  of  mulch 
has  generally  been  assumed  to  be  due  to  its  ability  to  reduce  evapore.- 
tion  snd  eliminate  moisture  competition  under  the  limb  spread  of  the 
tree  Trhere  a  large  percentage  of  the  tree  roots  are  located.    It  would, 
seem,  from  the  run-off  figures  given,  that  this  assumption  is  substan- 
tiated by  the  difference  of  5  percent  more  run-off  on  the  sod  plot  than 
on  the  mulch  plot,  as  previously  mentioned* 

A  p-Q'Ore  orchard  of  apples  Yrith  peach  fillers,  set  18  by  20  feet, 
vras  seeded  to  grass.    The  mixture  consisted  of  Kentucky  blue  grass, 
Canada  blue  grass,  smooth  brome  grass,  orchard  grass,  red-top  and  hairy 
vetch.    In  addition  to  this,  biennial  white  sweet  clover  v/as  added  for 
bee  pasture.    The  seeding  was  made  late  in  June,  1936.    The  season 
turned  off  dry  exid  the  orchard  grass  and  sweet  clover  were  about  the 
only  plants  that  survived.    During  the  second  year,  the  s^Yeet  clover 
was  killed  out  by  momng.    The  principal  cover  in  the  orchard  on 
January  1,  19i-;-l,  was  orchard  grass. 
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Figure  7»    Severe  sheet  and  slight  gully  erosion.  It 
is  erosion  of  this  type  that  is  causing  extensive  soil 
losses,  and  finally  fruit  site  abandonment  in  Berrien 
County,  Michigan.  (Mioh-232) 
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The  orchard  was  set  on  heavy  soil  (Miami  loejn).  About 
three-fourths  of  the  land  in  this  block  has  a  slope  of  h  to  7 
percent,  with  50  percent  of  the  tops oil  on  the  average  being  re- 
moved hy  sheet  erosion.    The  remaining  one-fourth  is  the  same  type 
of  soil,  v.'ith  a  slope  of  from  0  to  3  percent,  end  less  than  25 
percent  of  the  topsoil  removed.    In  the  -lidnter  of  1937*  "the  ov/ner 
bought  end  hauled  in  about  hO  tons  of  straw,  vihich  vtb.s  used  for 
mulch  under  the  trees,  as  shOTm  in  Figure  8»    In  1938,  about  four 
tons  more  of  straw  were  added.    In  1939*  the  second  cutting  from 
three  acres  of  spoiled  alfslfa  v.^as  added. 

In  the  spring  of  1937*  the  normal  application  of  fertilizer 
(ammonium  sulphate)  vras  added  under  the  Inmb  spread  of  the  trees.  In 
June,  a  yellowing  of  the  peach  foliage  was  noticed  and  one  poujad  of 
sodium  nitrate  Y>ras  added.    After  the  ne^-t;  rain,  the  trees  responded 
iinriiediately. 

Apparently,  in  its  decay,  the  straw  had  dra-vvn  upon  the  supply 
of  nitrogen  intended  for  the  trees  and  this  shortage  was  reflected  in 
the  foliage  of  the  peach  trees.    Ho  such  indication  "was  reflected 
either  in  the  foliage  or  growth  of  the  young  apple  trees.    Length  of 
new  groY/th  on  the  peach  trees  was  not  as  much  as  ordinoji-ily  desired. 
However,  sufficient  fruit  buds  set  to  make  a  good  crop  in  1938. 
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Figure  8.    Sod  and  mulch  orchard.    5i-acre  sod  snd 
mulched  apple  and  peach  orchard  in  1936,  the  summer 
after  seeding  dovm.    Straw  applied  at  the  rate  of 
^hout  8  tons  per  acre,  trees  set  18  by  20  feet. 
(lIich-253 ) 


In  1938,  from  1  pound  to  I.5  '"'ounds  of  pjnnoniuni  sulphate 
were  used  under  the  limb  spread  of  each  peach  tree.     In  early  June, 
1  pound  of  sodium  nitrate  was  added  per  tree.    The  trees  made  a  good 
growth  and  a  fair  crop  of  peaches  was  he.rvested,  althou.5:h  a  severe 
freeze  occurred  on  the  11th  end  12th  of  Liay.     Enough  fruit  buds  were 
set  so  tliat  it  was  necessary  to  thin  heavily  in  1939*     l^"^©  1939  fer- 
tilizer application  v/as  the  ssine  as  vj-as  used  in  1938»    Rainfall  Y/as 
5  inches  more  than  noniial  from.  April  15*  1939*  "to  Septeanber  I5,  1939* 
Asked  about  the  peach  crop  on  this  block,  the  o^vner  said:     "Of  all  the 
peaches  I  grew  this  year,  the  ones  from  this  sod  block  were  the  best 
colored  and  packed  about  one-fourth  inch  larger  than  those  from  the 
clean  cultivated  orchards." 

In  I9U0,  1»5  pounds  of  srunonium  sulphate  vrere  e.pplied  under 
each  tree  late  in  Larch.    OvTin.c.:  to  frost  injury,  the  crop  was  very 
light  end  consequently,  no  further  application  of  fertilizer  was 
made  during  the  year.    Fruit  coloration  in  this  orchard  vfas  again 
better  than  in  orchards  v\diich  were  cultivated. 

Conclusions. 

liVhile  in  the  preceding  cases  the  peaches  have  not  been  in 
sod  long  enough  to  draw  any  definite  conclusions,  a  fev/  observa- 
tions he.ve  been  iriade: 

From  the  wide  difference  in  the  success  of  orchards  on 
soils  of  similar  type  and  erosion  classif ic8.tion,  it  is  obvious 
that  management  has  a  great  deal  to  do  with  the  success  or  fail- 
ure of  such  plantings. 


1 


~  r 


«  50  - 

Youjig  trees,  1  end  2  years  old,  have  made  good  grovrth 
where  they  haVe  had  a  good  mulch  around  them* 

Growers  using  the  sod  and  mulch  system  vdth  peaches ^ 
should  start  it  in  a  small  Tra^/  until  such  tine  as  they  have 
learned  to  handle  the  system  under  their  particular  conditions. 

This  practice  can  be  used  on  sites  already  planted  and 
eroding  badly,  to  hold  the  soil  until  these  sites  can  be  put  to 
their  proper""  use. 

li^'here  str&sr  mulched,  additions.l  nitrate  fertilizer,  pre- 
ferably in  a  quickly  available  form  (sodium  nitrate),  should  be 
applied  during  the  summer  months  as  the  trees  (by  color  of 
foliage)  indicate  need  for  it. 

Other  stone  fruits  mil  ordinarily  fall  in  bet\Teen  the 
apple  and  the  peach  in  their  response  to  treatynent  under  sod  or 
sod  8Jid  mulch. 

To  aid  in  the  control  of  rodents,  mulch  should  be  kept  at 
least  12  inches  from  the  trunks  of  trees. 

More  observations  are  needed  on  the  use  of  sod  end  sod  end 
mulch  in  peach  orchards • 
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lIodij?iecL  sod  in  orchards* 
Pome  fruits  a 

Soil  erosion  control  in  established  fruit  lands  is  a  matter  of 
doing  the  job  with  the  least  einount  of  vegetation  required.  Because 
not  enough  mulching  material  is  available  at  a  reasonable  price  to 
mulch  all  of  the  locations  where  it  is  desirable  to  seed  doi-m  orchards, 
other  methods  of  controlling  the  sod  have  been  tried.    Idodified  sod, 
similer  to  that  used  in  Pennsylvania,  vfas  tried  in  a  limited  vj-ay«  It 
has  proved  satisfactory  to  date.    This  method  has  been  tried  both  on 
mature  apples  and  pears.    Tyw  examples  follow:    First,  a  mature  pear 
orchard  on  heavy  soil  (Miami  silt  loam)  with  an  average  slope  of  I],  to  7 
percent,  and  on  the  average       percent  of  the  topsoil  removed  by  sheet 
erosion*  and  second,  a  lk.6-acre  mature  apple  orchard  on  mediimi  to  heavy 
soil,  about  one-half  of  which  is  Hillsdale  loam  vrith  a  slope  of  from  5 
to  7  percent  and  on  the  average  50  percent  of  Hie  topsoil  removed  by 
sheet  erosion.    The  remainder  is  Hiami  silt  loom,  one-half  with  a 
slope  of  1|  to  7  percent  and  one -half  v/ith  a  slope  of  7        12  percent, 
and  all  having  on  the  average  of  ^0  percent  of  the  soil  removed  by  sheet 
erosion.    The  pears  have  been  in  sod  for  a  number  of  yesirs.    The  apv^le 
orchard  v;-as  seeded  in  1938*     In  the  pear  orchard,  the  modified  sod 
system  of  ms.nagement  Y;-as  used  in  1953,  1939  Bnd  l^kO*     In  the  apple 
orchard,  it  was  used  in  1939  ^"-nd  19l>.0« 
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The  moV';ing  machine  vras  replaced  by  a  disk  vreighted  down,  set 
fairly  straight,  and  operated  across  the  major  slope.    The  sod  was 
disked  during  the  growing  season,  ahout  the  time  the  grass  would 
normally  be  mowed* 

This  method  of  disking  leaves  the  grass  chopped  and  mopped 
do¥m,  producing  a  trashy  surface.    I  any  of  the  grass  plants  are  par- 
tially torn  from  the  ground.    Such  a  roughened,  trashy  surface  is 
ideal  for  absorbing  v^ater  8.nd  preventing  soil  losses.    After  a  few 
good  rs.ins,  the  grass  becomes  so  green  that  one  hardly  knovfs  the 
field  has  been  disked. 

The  treatment  in  neither  of  these  orchards  has  progressed 
far  enough  to  be  able  to  say  what  the  final  outcome  to.  11  be  under 
drouthy  conditions. 

Stone  fruits. 

The  modified  sod  system  of  managonent  was  tried  only  in  a 
limited  way  v/ith  stone  fruits.    A  l.S-acre  ma.ture  sour  cherry 
orchard  in  sod  -  m.ostly  orchard  grass  -  was  treated  in  1939*  This 
orchard  was  on  heavy  soil  (Miami  silt  loem)  with  slopes  ranging 
from  ii  to  12  percent  and  on  the  average  ^0  percent  of  the  topsoil 
removed  by  sheet  erosion.    About  the  time  the  grass  headed  out,  the 
orchard  v/as  disked.    This  was  accomplished  in  a  manner  similar  to 
that  described  for  apples  and  pears.    A  short  time  after  disking, 
a  good  rain  cpjae  and  the  grass  started  new  gro'vvth  immediately. 
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Conclusions, 

There  are  a  nunber  of  suggestions  pertaining  to  the  use  of  the 
modified  sod  system  which  seem  appropriate; 

Good  judgment  must  be  exercised  in  the  amount  of  disking  to 
give  the  grass  in  order  to  maintain  the  proper  amount  of  vegetation, 
but  not  destroy  -it. 

Disking  may  be  done  any  time  that  competition  for  moisture 
between  the  grass  and  the  tree  appears  to  become  too  keen. 

Any  of  the  native  grasses  appearing  in  orchards  can  be  kept 
within  boujids  in  this  manner. 

Tfith  this  method  of  management,  the  varying  sjnount  of  cover 
required  by  the  different  soil  types,  slopes  end  erosion,  cen  be  met. 

To  secure  best  results,  the  last  disking  must  be  across  the 

slope© 

If  the  ground  appears  too  rough  for  spra2,'lng  operations,  this 
can  be  partially  eliminated  by  use  of  a  cultipacker,  across  the  slope, 
after  disking. 

The  work  on  stone  fruits  has  not  been  in  progress  long  enough 
to  warrant  conclusions.    Enough  of  the  practice  has  been  observed, 
ho-wever,  to  mske  it  appear  that  additional  observations  and  trials 
should  be  made  on  a  more  extensive  scale. 
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Alternate  middles  in  sod» 

The  practice  of  "alternate  middles  in  sod"  betvreen  the  tree 
rows  in  orchards  as  a  means  of  erosion  control,  has  been  used  in  a 
few  cases  on  this  project*    With  this  practice,  it  is  intended  that 
the  middles  not  in  sod  7ri.ll  be  cultivated  during  the  spring  sjad  part 
of  the  summer  and  then  seeded  for  over-winter  cover.    At  varying  time 
intervals,  depending  on  the  soil  and  density  of  sod  cover,  the  culti- 
vated and  sod  strips  Yd.ll  be  rotated.    Nev/  sod  should  be  established 
in  the  cultivated  middles  before  the  old  sod  is  broken* 

Alternate  middles  in  sod  were  established  in  only  six  orchards* 
Tt/o  of  these  are  now  in  complete  sod,  one  through  discontinuation  of 
cultivation  end  the  other  through  seeding.    In  the  latter  case,  the 
slope  is  approximately  10  or  12  percent  and  severe  rilling  occurred 
in  the  cultivated  strip)s«    The  direction  of  middles  has,  in  all  cases, 
been  across  the  major  slope.     In  some  cases,  rdiere  there  is  a  change 
in  the  direction  of  the  major  slope,  the  direction  of  cultivation  has 
been  correspondingly  chenged^  within  the  orchard. 

In  t'iio  orchards  where  both  "alternate  middles  in  sod"  and  "sod 
buffer  strips  in  the  tree  rov/s"  were  used,  the  o-;mer  plans  to  extend 
the  areas  in  alternate  middles  to  include  the  remainder  of  both  or- 
chards.   Thus  his  preference  of  the  two  practices  is  indicated* 
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Y^hile  alternate  sod  middles  have  not  been  used  to  suoh  en 
extent  as  to  warrant  the  making  of  detailed  recommendations^  the 
folloT'.lns  observr^tions  should  not  he  overlooked,     Tliis  practice  has 
failed  to  stop  erosion  on  the  heavier  soils  in  this  project  where 
the  slopes  were  greater  than  8  percent.    However,  it  should  he  noted 
in  these  cases  that  erosion  on  the  slopes  ranged  from  50  percent,  of 
the  topsoil  removed  hy  sheet  erosion,  to  as  much  as  37  percent  in 
some  instances*    The  ineffectiveness  of  these  middles  vras  due  to  the 
failure  of  the  grass  to  "become  quickly  established  on  badly  eroded 
soil.    Alternate  middles  in  sod  have  afforded  some  control,  but  this 
has  not  been  sufficient  in  sortie  cases*    On  gentle  slopes  and  open 
soils,  control  by  this  practice  has  been  satisfactory.    Although  not 
tried  on  heavy  soil  on  the  more  gentle  slopes  (because  of  the  satis- 
factory perform.8Xce  of  Ij.  to  6  foot  sod  buffer  strips  in  the  tree 
rows)  under  similpr  conditions,  it  is  believed  alternate  sod  middles 
would  perform  a  satisfectory  job  of  erosion  control  there,  in  conjuno' 
tion  mth  cover  crops  on  the  cultivated  middles. 

It  should  be  borne  in  mind,  when  considering  the  use  of  the 
practices  m_entioned  above,  that  they  are  only  ';vhat  m.ight  be  termed 
"stop  gaps",  to  be  used  in  square  planted  orchards.    The  most  erosion 
can  be  controlled  vdth  the  least  amount  of  vegetative  cover  if  the 
tree  rows  sre  on  the  contour.     In  other  vrords,  a  minim^um  amount  of 
vegetation  in  the  form  of  sod  buffer  strips  in  a  contour  orchard 
might  be  more  effective  in  the  control  of  erosion  than  alternate 
middles  in  a  square  planted  orchard  under  identical  conditions» 
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Conclusions • 

They  should  cross  the  rapjor  slope  as  nearly  on  the  contour 
as  possible. 

They  have  not  controlled  erosion  satisfactorily  on  badly 
eroded,  heavy  soils  inhere  slopes  were  over  8  percent* 

Improved  methods  of  establishing  grass  should  be  usedj  such 
as  a  light  Kuloh,  especially  on  badly  eroded  sites. 

They  have  worked  well  on  the  sandier  soils. 

More  erosion  control  can  be  accomplished  with  less  vegeta- 
tion^ if  the  rows  are  on  the  contour. 
Sod  buffer  strios. 

Permanent  sod  buffer  strips  in  the  tree  roYfS  were  ori£;inally 
intended  for  use  as  a  means  of  erosion  control  in  orchards  .set  on 
less  severe  slopes  and  on  drouthy  soils.     It  was  felt  they  would  bo 
insufficient  for  satisfactory  control  on  severe  slopes,  but  vrauld 
furnish  about  the  m.aximum,  amount  of  vegetation  permissible  without 
serious  competition  vdih  the  trees  for  moisture  on  drouthy  soils. 
Fortunately,  the  more  drouthy  soils  are  the  least  erodible  and  it 
is  possible  to  control  erosion  on  them  with  less  vegetation  tlian 
on  the  heavier  soils.     In  practice,  hov/ever,  tliey  have  been  used 
under  somewhat  more  variable  conditions. 
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Development  of  good  sod  buffers  in  orohards  already  estab- 
lished has  not  "been  so  satisfactory  as  desired.     The  chief  obstacle 
has  been  the  custom,  of  cross  cultivation  to  elim.inate  all  vegetation 
in  the  tree  rows.     In  some  cases,  seedings  Y/ere  made  but  failed  and 
no  second  attem.pt  vras  made  to  establish  a  sod.    In  others,  no  seed- 
ings were  m.ade  and  r^ative  vegetation  alone  was  relied  upon.  These 
were  usually  cases  V7here  cultivation  i^as  discontinued  except  in  one 
direction,  the  rovers  being  left  undisturbed*    Y^ere  the  soil  is  good, 
such  a  system  vrill  provide  a  fairly  satisfactory,  vegetated  strip, 
but  in  the  places  needing  control  m.ost,  the  soil  is  usually  eroded 
and  grows  little  cover,  ujiless  seed  and  fertilizer  are  applied. 

In  some  new  orchards,  set  according  to  cooperative  agree- 
ment, a  plan  has  been  followed  by  T-vhich  young  peach  trees  are 
cultivated  for  about  three  years  v/hile  a  soil  building  program  is 
being  carried  on  beti-Teen  the  rovTs.     The  cultivated  area  foms,  in 
the  tree  row,  a  strip  which  is  gradually  widened  as  the  trees  grow- 
larger*    T/lien  the  orchard  comes  into  bearing,  cultivation  is  trajis- 
f erred  from  the  rows  to  the  m.iddles  and  the  strips  are  permitted  to 
sod  over  in  the  tree  rows.    Many  of  these  young  orchards  are  set  on 
the  contour  and  consequently,  as  the  sod  d^^velops,  contour  buffer 
strips  will  be  formed.    The  first  contoured  orchards  have  not  yet 
com.e  into  bearing,  consequently,  most  of  the  contour  sod  buffers 
are  still  to  be  established. 
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Well  sodded  "buffer  strips  in  the  tree  rovrs  hg,ve  been  effect- 
ive in  checking  erosion  (Figure  9)*    Sven  on  the  steeper  slopes, 
■where  they  v/ere  used  in  square  planted  orchards  and  became  well 
established  across  old  vioteiriTays ,  they  prevented  severe  cutting 
through  ths  rcn;"s. 

One  grovfer  had  used  buffer  strips  in  a  peach  orchard  for  a 
nuraber  of  years  before  becoming  a  cooperptor#    lie  prefers  sod  strips 
in  the  rows  to  sod  in  alternate  middles  betv/een  the  rows. 
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Figure  9»    Sod  buffer  strips  developed  in  &n  estab- 
lished orchsrd.    Although  not  on  the  oontou^,  these 
strips  have  served  effectively  in  checking  soil 
erosion  on  this  slopes  (Mich-182) 
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Another  grower  said:     "Llother  didn't  like  the  looks  of  those 
weeds  and  grass  in  the  tree  ro^.vs  and  wanted  to  turn  them  under  this 
spring,  but  I  suggested  leaving  them  snot her  year.    A  heavy  rain  ceme 
the  following  week  and  we  were  certainly  glad  to  have  those  "buffer 
strips.** 

On  this  project,  sod  buffers  in  orchards  are  commonly  planned 
to  be  not  less  than  h  feet  wide.    ITarrovfer  widths  seldom  have  been 
recommended.     In  some  cases,  in  square  planted  orchards,  direction 
of  the  strip  changes  in  order  to  be  across  the  major  slope. 

As  long  as  cultivation  is  practiced  bet^Teen  the  tree  rovrs, 
some  soil  movement  vj-ill  occur.    "Jith  the  sod  buffer  strips  catching 
most  of  the  moving  soil,  a  bench  effect  mil  eventually  develop  and 
unless  sod  is  maintained  in  the  v.'-aterv/ays,  cutting  will  occur  in 
them  beloT^r  each  strip. 

Sod  buffer  strips  in  the  tree  rovfs  have  not  been  used  on  the 
project  in  a  sufficient  number  of  cases  to  make  definite  recommenda- 
tions with  regard  to  their  application  on  different  soils,  degrees 
of  slope  and  ojGOunts  of  erosion.     It  ma.y  be  said,  havever,  that  even 
thin  stands  of  annual  grasses  left  in  the  rwrs  have  provided  con- 
siderable erosion  control  and  where  good  sod  buffers  were  established, 
the  control  provided  was  sijirpri singly  good. 


Conclusions » 

They  should  be  used  across  the  major  slopes,  as  nearly  on 
the  contour  as  possible* 

They  are  best  used  on  gentle  slopes,  Trhere  sandy  soil 
conditions  exist  and  ?/here  the  maximum  deviation  from  the  contour 
is  less  than  5  percent. 

Buffer  strips  are  difficult  to  establish  on  badly  eroded, 
heavy  soil* 

The  benching  effect  caused  by  buffer  strips  is  m.ore  pro- 
nounced on  the  sandier  soils. 

Buffer  strips  should  not  be  less  than  U  feet  vfide  and  are 
most  effective  ?^hen  used  in  contour  orchards. 
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Cover  crops  in  orchardwS,     (Annual,  biennial  and  perennial*) 

liThen  the  Benton  Harbor  Soil  Conservation  project  vms  started 
in  1935*  clean  cultivation  v/as  the  general  practice  in  orchards. 
Some  vfinter  cover  wa.s  being  used,  but  from  farmer  reports,  this  Tre^s 
not  as  comnon  as  it  had  been  a  fevj-  years  previously.  OocasionsJ.ly, 
an  orchard  (pear  or  apple)  had  been  permitted  to  remain  in  sod.  Such 
orchards  were  located  on  the  medium  and  heavy  textured  soils. 

Ovdng  to  the  climB.tic  en.d  economic  conditions  peculiar  to 
southvfest  Michigsji,  meny  orchards  are  located  on  slopes  i^iich,  under 
general  "land  use"  recomraendations,  should  be  rem.oved  from  cultiva- 
tion.   This  fact  modifies  the  application  of  soil  conservation  prac- 
tices recommended  in  areas  of  general  farming. 

Different  problems  are  presented  by  orchards  alrea.dy  estab- 
lished, as  compared  to  those  being  set  out.    The  difficulty  of 
constructing  terraces  in  old  orchards  makes  vegetative  cover  the 
most  practical  method  of  erosion  control.    In  new  orchards, 
mechanio^-l  methods,  such  as  contour  plantirig  and  terracing,  may, 
•when  combined  v/ith  vegetative  cover,  offer  the  best  raeans  for  control. 

Cover  in  orchards,  as  used  in  the  area,  may  be  classified  as 
arjiual,  (vn.nter  or  suminer),  biennial  and  perennial,  based  on  the  life 
habits  of  the  plants  used. 
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Annual  cover a 

?/inter  cover  is  more  comraonly  used  than  sumuier  cover,  although 
the  latter  is  often  used  in  young  plantings  end  during  seasons  of 
little  or  no  fruit  production  (Figure  10 )•    Soybeans,  or  a  mixture  of 
soybeans  and  sudan  grass,  make  good  summer  cover.    '<Tinter  cover  has 
•been  used  primarily  for  prevention  of  soil  erosion  end  to  increase 
soil  organic  matter. 

For  v/inter  cover,  oats  or  vfinter  rye  are  most  commonly  used# 
VJith  fruits  in  v;hich  it  is  desirable  to  have  little  or  no  spring 
groT<vth  of  the  cover,  oats  are  usually  preferred,  vvhile  in  oases  vrhere 
it  is  desired  to  get  considerable  spring  grovrfch  for  green  manuring 
purposes,  rye  is  used*    Some  seedings  for  winter  cover  have  included 
a.  winter  annual  legume  (hairy  vetch  or  crimson  clover),  but  tliis  has 
not  been  a  common  practice,  although  the  inclusion  of  such  a  legume 
is  reccanmended  and  should  provide  better  cover  and  more  organic 
material  for  green  manuring  purposes.    From  observations  during  the 
last  three  ye^rs,  vetch  seems  to  be  preferable  to  crimson  clover* 
Although  the  latter  lias  been  used  successfully  in  the  area  for  a. 
number  of  years,  this  is  far  north  of  its  recomm.ended  rsjige  as  a 
winter  annual.    Vetch  is  objected  to  in  grapes,  since  it  is  difficult 
to  cut  out  of  the  ro"7s  when  v^eather  conditions  liave  delayed  early 
spring  cultivation.  . 

Tim.e  of  seeding  is  an  im.portsnt  factor  in  the  use  of  winter 
cover.     In  young  orohsrds,- Y/-here  it  is  especially  desirable  to  pre- 
vent late  grovrbh  of  the  trees,  seedings  may  be  made  as  early  as  mid- 
July.     In  mature  bearing  orchards,  the  cover  crop  should,  in  m.ost 

cases,  be  sovm  before  the  fruit  becom.es  heavy  enough  to  prevent 
seeding  operations  in  the  orchard. 
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Figure  10»    Soybeans  and  Sudan  grass  in  young  peach 
orcherd  for  surnner  cover  and  for  soil  building 
purposes*  (Mioh-14.91;-) 
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Some  seedings  have  "been  ms.de  too  late  in  the  fall  to  attain 
sufficient  groTrth  to  he  of  much  value  for  erosion  control  through- 
out the  follovdng  winter.    A  good  cover  -of  v/oods,  or  surmier  grasses, 
should  not  be  destroyed  in  order  to  seed  rrinter  cover  at  a  late  date 
The  early  seedings  of  1958  produced  good  star.ds  of  cover,  but  were 
destro^/ed  by  rust  ee.rly  in  the  fall»     In  1959*  riiany  of  the  early 
seedings  failed  again*    Only  a  few  were  reseeded  and  consequently, 
little  protection  was  provided  during  the  ivinter.    "iiVhere  winter 
legumes  were  included  in  the  seeding,  rust  dajnage  to  the  eroded 
cereal  did  not  leave  the  soil  so  completely  exposed  to  erosion* 

Biennia-l  cover* 

Biennial  cover  is  not  commonly  used.     It  includes  the  use  of 
such  crops  as  street  clover  or  hairy  vetch,  seeded  in  the  spring  and 
remaining  through  the  second  year.    This  type  of  cover  is  used  in 
young  plantings  vfhere  cultivation  is  maintained  along  the  tree  row. 
Cover  in  the  middles  protects  them  from  vrashing  and  provides  for  a 
soil  improving  program  while  the  orchard  becomes  established.  The 
recommended  practice  is  to  cultivate  the  rov;s  until  the  trees  come 
into  bearing.    Sod  buffers  should  then  be  established  in  the  roY^s, 
the  middles  being  cultivated  coid  seeded  to  v/inter  cover  crops. 
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The  use  of  sv/eet  o lover  between  tree  roiYS  in  youn^^  plantings 
has  been  a  common  practice  on  this  project,  but  because  of  nanagenent 
problems,  more  favor  is  now  being  given  to  red  clover •    Vfcen  sweet 
clover  is  used,  it  should  be  clipoed  about  Hay  30        the  second  year. 
Clipping  should  be  sufficiently  high  so  that  tiTO  or  tliree  of  the  la.Ter 
branches  remain.    Clipping  too  Iot:  or  too  late  usually  kills  the  entire 
ste.nd,  but  if  left  undipped,  the  plants  become  ranlc  enough  to  hinder 
fruit  harvesting  operations.    Other  methods  are  rolling  or  disking 
about  the  time  the  SYreet  clover  plants  begin  blooming*    Any  of  these 
methods  iviiich  prevent  tall,  rank  grovfth  are  satisfactory  and  will  allow 
for  the  production  of  seed  from  TJiiich  a  volunteer  stand  may  appear  the 
follov.dng  year.    Frequently,  the  volunteer  stand  fails  to  appeax.  This 
is  proba.bly  due  to  insufficient  moisture  for  the  germination  of  the  herd 
seed.     In  instances  where  mature  sv^reet  clover  was  disked  sufficiently  to 
cover  the  seed  before  irdnter,  satisfactory  stands  did  volunteer  the  next 
spring. 

The  spring  seeding  of  hairy  vetch  has  not  been  common,  but  Tvhere 
it  has  been  tried,  cover  was  furnished  somev/nat  sooner  then  in  the  case 
of  sweet  clover  J  although  the  amount  of  organic  m.atter  provided  v«ras  not 
so  great* 
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Red  olover  vail  furnish  good  cover  and  often  persists  longer 
than  either  vetch  or  sv/eet  clover.     In  most  of  the  pr.oj'eot  area,  red 
clover  stands  have  been  obtained  rather  readily. 

Pererjiial  cover* 

Perennial  cover  includes  all  types  of  permeJient  sod,  vrith 
various  modifications  of  sod  cover  a    The  use  of  sod  in  orchards  does 
not  necessarily  mean  that  the  entire  orchard  is  in  sod. 

Certain  problems  have  arisen  in  the  establishaient  of  continuous 
cover  in  orchards  and  there  has  been  some  lack  of  information  as  to  how 
far  the  orc'ctice  of  nermanent  sod  mieht  be  carried  for  erosion  control 
vfithout  being  detrimental  to  fruit  prodaction*     It  is  believed,  nov/, 
that  ivith  8n  average  aiaount  of  rainicll  snd  proper  management,  con- 
tinuous sod  may  be  used  in  apple  orclae.rds  on  medium  and  heavy  soils 
in  this  area.    On  the  lighter  soils,  hoi'/ever,  continuous,  complete  sod 
may  compete  too  severely  "ivith  the  trees,  especially  in  years  of  light 
rainfall*, 

There  is  need  for  more  inf orms.tion  on  the  use  of  sod  in  peach 
orchards,    /.'here  vegetative  cover  has  been  pemitted  to  remain  for  a 
number  of  years,  decreased  ^delds  liave  been  reported,  but  vdth  an 
improved  quality  (color)  of  fruit.     In  some  instances,  the  improve- 
ment in  quality  was  said  to  offset  the  reduction  in  yield. 
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To  adapt  the  use  of  vegetative  gro"KTbh  for  soil  conservation 
in  such  a  vj-ay  a.s  to  permit  cultivction  and  yet  effect  control  of 
erosion,  certain  modif io8.tions  of  a  complete  and  permanent  sod  ha.ve 
been  introduced.     The  practices,  then,  where  permsjient  cover  is  used, 
are  a.s  follov;s: 

Complete  sod.     (iTith  or  without  mane.gement  practices*) 

Sod  and  mulch.     (Sod  bet^Teen  rovj-s  and  mulch  under  the  trees.) 

Alternate  middles  in  sod.     (Remaining  middles  cultivated.) 

Sod  buffer  stri^:s   in  tree  rov/s.         to  6  feet  wide.) 

(in  the  latter  tv/o  cases,  the  sodded  aireas  cross  the  ma^Jor 
slope.) 

l;7here  each  of  these  should  be  used  vdll  not  be  discussed  here. 
It  is  sufficient  to  say  that  for  the  best  erosion  control,  sod  cover 
should  be  used  in  any  orchard  vrtiere  soil  and  climatic  conditions  Yd  11 
permit  it  without  entering  into  serious  competition  vdth  the  trees. 
The  most  concern  is  evidenced  v^ith  respect  to  the  use  of  a  complete 
sod  cover. 
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There  is  still  a  question  of  what  grasses  are  best  adapted  for 
providing  sod  in  orchards.    While  soil  conservation  is  not  the  only 
consideration  in  answering  this  question,  it  is  of  prime  importance 
and  first  consideration  should  be  given  to  those  species  which  are 
most  easily  established  and  survive  under  orchard  conditions.  Recom- 
mendations concerning  species  which  will  furnish  the  least  campetition 
to  the  trees  can  be  made  only  after  considerable  careful  research. 
Observations  of  seedings  on  the  project,  hovrever,  may  be  used  as 
indicative  of  what  grasses  may  be  expected  to  provide  good  stands  in 
the  orchards  of  this  section. 

During  the  first  year  of  the  project,  a  number  of  seeding 
mixtures  were  used  for  establishing  sod  in  orchards.    These  were 
modified  in  1937  snd  since  that  tii-e,  two  mixtures  Imve  been  used 
generally.    They  were  designated  as  Mixture  No.  1,  seeded  at  20 
pounds  per  acre,  and  consisting  of  6  pounds  of  Canada  bluegrass, 
2  pounds  of  Kentucky  bluegrass,  i|.  pounds  of  sheep  fescue  and  h  poimds 
of  redtop;  and  Mixture  Uo.  2,  seeded  at  15  pounds  per  acre  and  com- 
posed of  10  pounds  of  Canada  bluegrass,  2  pounds  of  Kentucky  bluegrass, 
5  pounds  of  redtop  and  3  pounds  of  red  clover. 
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ITo  recorded  observations  were  made  following  the  early  seediiigs 
tut  1956  observations  of  1937  seedini^s  of  the  two  mixtures  just  ra^n- 
tionedj  indicated  that  redtop  end.  orohsjrd  ^rass  were  furnishing  the 
major  portion  of  the  cover  at  the  tine  ocsorvations  were  made*  I£ore 
extensive  observations  in  1939  substantiated  this  indication*  The 
failure  of  bluegrass  wsis  probably  due  to  poor  quality'-  of  seed  and 
some?/"hat  to  untimely  seedings.    The  inclusion  of  some  red  clover  in 
seed  mixtures  is  recommended.    I^.ile  fall  seedings  are  considered 
more  likely  to  be  successful  than  spring  seedings^  the  rush  of  other 
farm  operations  in  this  section  at  the  tim.e  of  fall  seedings,  has 
caused  spring  seedings  to  be  more  common.    Both  orchard  grass  and  red- 
top  have  succeeded  rather  well  from  spring  seedings  in  this  area. 

Y/here  pure  seedings  of  tiBiothy,  orchard  grass,  sheep  fescue. 
Chewing* 3  fescue,  redtop,  Canada  blue  grass  and  smooth  brome  grass 
were  made  early  in  September,  1938*  by  the  Michigan  State  College 
Extension  Horticulturist,  all  produced  good  stands  ai^i  are  providing 
good  cover.    The  t^^vo  fescues  appear  to  hold  promise  for  erosion  contro 
Y/ithout  making  excessive  top  grovrth.    '/Vhich  grasses  will  endure  longes 
and  be  most  satisfactory  for  orchard  use,  is  yet  to  be  determined. 
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A  lo?;-  grOTring  grass,  -^'^loh  fonns  a  good  soil  protecting  turf, 
"but  which  makes  little  summer  groid^h,  would  be  ideal  for  orchards, 
but  vathout  one  having  these  characteristics,  certain  management 
practices  should  be  followed  with  the  species  commonly  used.  These 
include  moiTing  to  prevent  excessive  top  grovrth  and  some  breaking  up 
of  sod-bound  areas  by  disking  or  other  means* 

For  a  time,  Poa  bulbosa  (a  bulbous  bluegrass)  was  tried  in  a 
fe'T  orchards.     Ihe  habit  of  this  grass  to  me t^ ire  early  and  then  re- 
main dormant  until  fall,  gave  it  some  promise  as  an  orchard  cover. 
Fall  growth  comes  from  bulbs  produced  at  the  base  of  the  plant ,  as 
well  as  bulblets  produced  in  the  heads.    The  grovrbh  produced  v/as  not 
sufficient  to  be  of  any  great  value  as  a  soil  binder  through  winter 
months. 

Considering  stands  obtained,  price  of  seed,  habits  of  growth 
and  ability  to  control  erosion,  redtop,  timothy  and  orchard  grass 
might  well  be  used  for  orchard  seeding s.    O.'ring  to  the  prevalence 
of  C8.nada  blue  grass  in  the  project  area,  it  is  likely  that  if  the 
seeded  areas  are  unmolested,  this  bluegrass  will  eventually  estab- 
lish itself.    Seeding  recomm.endations  must  be  modified  in  aocordance 
vrith  conditions  existing  in  any  specific  orchard. 

Ihe  value  of  fertilizer  in  establishing  good  cover  in  orchsxds 
cannot  be  overlooked.    Emphasis  has  been  placed  on  its  use  with  new 
seedin.p^s,  to  guard  against  possible  failures.     In  this  way,  better 
stands  and  more  vip;orous  growth  have  been  obtained  on  areas  subject 
to  erosion  and  consequently,  better  erosion  control  has  been  provided. 
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The  kind  end  amounts  of  fertilizer  has  depended  on  the  soil 
conditions  within  the  orchard  being  seeded.     In  general,  the  recom- 
inendations  for  various  soils  and  crops  made  by  the  Michigan  State 
College  have  been  followed*    On  areas  where  soil  loss  by  erosion  is 
evident,  the  emounts  reconmiended  should  be  increased  proportionately 
with  the  amount  of  soil  lost* 

On  eroded  slopes,  the  chances  for  a  successful  seeding  7d.ll  be 
materially  increased  by  the  application  of  a  light  mulch  after  seed- 
ing*   Any  stravvy  material  or  hay  may  be  used*    The  mulch  helps  retain 
moisture,  needed  to  germinate  the  seed,  near  the  surface  and  protects 
the  your^  seedlings  from  being  washed  out  before  they  have  established 
a  good  root  system* 

Conclusions* 

The  value  of  a  good  cover  crop  cannot  be  overemphasized* 
The  effectiveness  of  contouring  or  terracing  is  increased 

materially  by  the  use  of  a  cover  cr-op  in  wj^nter  or  in  both  suinmer 

and  mnter* 

Early  seeding  of  cover  crop  is  recommended*  mid-July  for 
young  orchards,  and  mature  orchards  should  be   :33ded  when  the 
operation  can  be  made  vrithout  the  interference  of  fruit  laden 
liirbs* 

S^veet  clover  and  red  clover  are  recommended  with  proper 
management* 

Of  the  seed  used  in  m.ixtures  to  establish  perennial  cover, 
redtop  and  orchard  grass  have  succeeded  best  under  adverse  condi- 
tions # 
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The  recominended  seed  mixture  for  perennial  cover  in 
orchards  should  include  redtop,  orchard  grass,  Canada  blue  grass, 
and  red  or  alsike  clover. 

Yfcen  fertilizing  orchards,  consideration  should  be  given  to 
the  food  requirements  of  the  cover  crop,  as  well  as  the  trees. 

^^^"^ our  planting  of  orchards  o 

The  only  contour  planting  in  the  project  aj'ea,  prior  to  its 
establishm.ent,  was  on  the  Carl  Hauok  farm.    From  his  experience, 
Mr*  Hauck  was  av/are  that  practices  ordinarily  used  on  flat  land  did 
not  fit  the  hills •    About  30  years  ago,  he  decided  to  set  grapes  on 
a  steep  slope  along  Blue  Creek.     The  grapes  were  set  on  benches, 
plowed  approximately  on  the  contour.    The  site  proved  to  be  some- 
what frosty  and  after  the  grapes  had  been  in  13  or  ll|.  years,  they 
were  removed.    Every  other  bench  vjas  removed  by  plowing,  thus  giving 
the  remaining  benches  a  wider  spacing.    These  new  end  larger  benches 
were  contour  planted  to  cherries • 

Contour  planting,  with  the  exception  of  the  case  mentioned 
above,  has  been  regarded  as  a  new  thing  in  this  territory  and,  like 
most  new  things,  it  has  been  looked  upon  with  considerable  skepticism. 
Scores  of  questions  concerning  contour  planting  have  been  raised  by 
farmers.    Slowly,  the  answers  are  being  unfolded,  although  some  of 
the  questions  will  go  unansvj-ered  imtil  more  new  contour  plantings 
come  into  bearing© 
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Plantings  on  the  contour  have  been  made  on  a  wide  range  of 
soil  types,  slopes  and  erosion.    The  soil  types  range  from  the 
lightest*  a  Plainfield  losiny  sand,  to  one  of  the  heaviest  on  the 
project  area,  a  Miami  silt  loam.    The  slopes  rejoge  from  less  than 
3  percent  to  as  much  as  15  percent  and  erosion  varies  from  less 
than  25  percent  to  50  percent  of  the  topsoil  removed  hy  sheet 
erosion. 

The  first  contour  planting  of  fruit  was  in  1936,  consist- 
ing of  a  half  acre  of  red  raspberries •    The  contour  rows  were  laid 
out,  using  a  dumpy  level  and  a  leveling  rod.    This  work  was  done  on 
a  fairly  regular  slope  and  has  proved  satisfactory  to  date  (Figure  11 

In  the  spring  of  1937*  this  practice  had  begun  to  be  accepted 
somewhat  more  favorably,  I].3»l  acres  of  fruit  trees  being  plajited  on 
the  contour,  7  acres  of  which  were  terraced. 

The  first  contour  plsjated  orchard  in  1937  ""^as  a  5-a'Cre  block 
of  peaches  set  on  level  terraces  on  the  Roy  Butzbach  farm.  This 
planting  (Figure  12)  proved  satisfactory  enough  that  in  1938 >  vdth 
a  modification  of  the  type  of  terrace  used  (see  "Terracing  in  orchard 
land"),  2.8  acres  were  added.    Pleased  with  the  effective  erosion 
control  he  had  secured  with  this  practice,  Mr.  Butzbach  contour 
planted  another  I5  acres  on  terraces  in  the  spring  of  1939.  This 
brought  his  total  contour  plaJiting  to  22.8  acres.    For  a  complete 
lay-out  of  this  plantation,  see  Figure  13« 


i 
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Figure  11.    First  contour  planting*    The  first  contoiir 
planting  of  fruit  on  the  Benton  Har"bor  project,  0«5 
acre  of  red  raspberries  near  Hinchmen,  Michigan* 
(lVach-102) 
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Figure  12»    First  contoured  oroh&rd,  block 
of  contour  planted  peeches  set  in  "tiie  spring  of 
1957  on  the  Roy  Butzbach  farm,  Bainbridge  Town- 
ship, Berrien  County.    Photographed  in  the  suinmer 
of  1938.  (Mich-25i4.-A) 
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This  orchard  was  set  on  a  light  soil  (Coloma  loamy  sand)  vdth 
slopes  ranging  from  5  to  15  percent  and  on  the  average,  50  percent  of 
the  original  topsoil  removed  by  sheet  erosion  caused  by  both  water 
and  wind.    The  original  planting  bore  a  partial  crop  in  V^hO*  To 
date,  soil  erosion  has  been  controlled.    On  June  21,  1959 j  during  a 
rainfall  of  5*1  inches  intensity  per  hour,  only  one  level  terrace  cut 
through. 

In  laying  out  unterraced  contour  orchards  in  1957*  a  small  hand 
level  (Abney)  was  used  to  lay  out  contour  lines.    This  gave  lines  which 
were  only  approximately  on  the  contour.    If  a  grower  dislj.ked  some  of 
the  kirJcs,  or  if  he  insisted  the  rows  were  too  crooked,  they  were 
modified^  to  satisfy  him.    This,  of  course,  threw  the  rows  off  con- 
tour, as  much  as  5  percent  in  some  cases.    Observations  made  during 
the  summer  of  1937  gave  some  indication,  especially  on  the  heavier 
soils,  that  these  lines  should  be  kept  on  a  true  contour,  if  possible* 

In  1958*  there  was  increased  interest  for  contour  work  during 
the  spring  planting  season.    By  the  close  of  the  season,  9$  acres 
were  contour  planted  to  orchards  and  of  this  amount,  55*8  acres 
were  terraced.    The  use  of  the  hand  level  for  orchard  lay-out  Trork 
was  discontinued  to  some  degree.    However,  a  few  orchards  were  still 
planted  a  little  off  contour,  because  the  groovers  still  objected  to 
rows  that  were  too  crooked* 
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Continued  observation  in  these  contour  plemted  orchards^ 
cliF'axed  by  e  j.ain  of  1»93  inches  on  the  night  of  June  30,  1958^ 
showed  "beyond  any  reasonable  doubt  that  contour  planted  orchards 
should  be  set  so  that  each  through  row  would  handle  the  rion-off 
from  the  area  above.    This  meant  sone^ivhat  of  a  change  of  ideas* 
Under  this  system,  it  would  be  impossible  to  sacrifice  adherence 
to  the  contour  or  grade  line  (see  "Orchards  set  to  terrace  grades") 
in  order  to  straighten  the  rows.    Unless  it  is  possible  to  fit  the 
rows  to  the  topography  of  the  land,  contour  planting  should  not  be 
attempted,  except  perhaps,  on  the  very  ssjidy  soils  wiiere  v/ater  will 
be  taken  up  rapidly.    By  setting  each  through  tree  row  to  a  terrace 
grade,  the  excess  water  will  be  directed  to  a  common  waterway  miich 
must  be  provided. 

By  the  spring  of  1959*  a  lerge  percentage  of  the  contour 
planting,  planned  in  original  agreements,  had  been  laid  out.  Hew- 
ever,  during  this  year,  79  acres  of  orchards  were  laid  out  on  the 
contour,  of  which  hl*h  acres  vrere  terraced.    Seventy-five  percent 

\ 

of  the  total  1939  planting  v;-as  done  by  sniendment;  that  is,  the 
growers,  although  they  ha.d  accomplished  all  they  had  originally 
agreed  to,  had  seen  enough  erosion  control  accomplished  by  contour  \ 
planting  to  request  en  increase  in  this  type  of  vrark.     In  the  fall 
of  1939 J  an  additional  27.5  acres  were  laid  out  on  the  contour  for 
planting  in  the  spring  of  191+0 .    Additional  lay-out  and  planting 
done  in  the  spring  and  fell  of  I9U0  brought  the  total  contour  plant- 
ing (January  1,  19U1)  to  281.0  acres,  10lj..2  acres  of  which  were  also 
terraced. 
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All  of  the  orchards  laid  out  in  1939  ^.nd  19^0,  with  the  excep 
tion  of  t\YO  which  were  on  porous ,  sandy  soil,  were  given  a  terrace 
grade  for  each  through  tree  row*    The  growers  were  gradually  becom- 
ing accustomed  to  seeing  crooked  rows  end  knowing  they  are  for 
erosion  control,  are  much  more  willing  to  have  short  turns  in  the 
tree  rows* 

As  the  growers  become  accustomed  to  contour  planting,  they 
have  more  confidence  in  this  method  of  erosion  control*    One  grower 
near  Hinchman  said;    "I  v;-ould  like  to  put  that  piece  of  ground  to 
peaches,  ajid  I  want  it  laid  out  so  it  won't  wash«"    Another  grower, 
Lewis  Tjmphrey,  of  Eainbridge,  whose  agreement  was  emended  to  accomo- 
date three  contour  planted  orchards,  said:     "After  five  years  of 
working  on  this  program,  I  can  begin  to  see  vfnat  I  should  have  been 
doing  on  my  farm  15  years  ago»" 

The  lay-out  method  has  been  varied  according  to  the  slope 
and  the  ty^e  of  fruit  (see  "Terrace  lay-out" )#    On  slopes  up  to 
10  percent,  peaches  have  been  spaced  22  or  2^  feet  between  rows. 
On  slopes  over  10  percent,  the  spacing  has  been  2I4.  to  26  feet  be- 
tween rows.    On  extreme  slopes,  spacing  has  been  as  much  as  50  feet 
for  short  distejices.    These  spacings  have  been  used  with  the  idea 
of  preventing  interference  from-  side  slippage  of  orchard  equipment. 
They  have  been  varied  as  m.uch  as  10  percent  to  take  care  of  special 
conditions. 


One  of  the  standard  control  measiares  for  "brown  rot  control  in 
peaches  is  to  spray  or  dust  just  before  picking,    "^ith  old  spacing  of 
18  by  18  feet,  or  20  by  20  feet,  it  was  rather  difficult  to  get  through 
an  orchard  loaded  with  mature  fruit.    YiTidening  the  spacing  one  way  in 
the  orchard  7."ill  help  alleviate  this  condition  and  perhaps  encourage 
better  brown  rot  control. 

Spacing  in  the  row  generally  varies  with  the  spacing  bet'.veen 
the  rows»    This  has  been  done  to  keep  the  recommended  number  of  trees 
per  acre  wherever  possible.    The  minimum  spacing  in  the  rows  has  been 
16  feet  for  peaches  and  50  feet  for  apples* 

In  the  past,  growers  have  been  prone  to  place  too  many  trees 
per  acre  on  the  sandier  soils  which  are  more  drouthy  end  least  able 
to  support  a  large  number  of  trees.  This  has  been  done,  as  pointed 
out  by  many  growers,  because  the  trees  are  usually  smaller  and  there 
is  room  for  more*  By  using  the  same  spacing  on  the  sands  as  on  the 
heavier  soils,  this  condition  has  been  partly  corrected  vrith  new 
plantings. 

Spur  or  short  rows  have  caused  some  concern  to  growers  VJho 
felt  that  these  would  make  it  necessary  to  turn  in  the  middle  of  the 
orchard.    There  also  >ias  been  some  tendency  for  wgter  to  concentrate 
on  the  upper  side'  cf  the  shorter  rows  and  cause  acme  cuttirjg  at  low 
points  in  the  rows.    This  has  ocoured  particularly  durir^  heavy  rains, 
especially  durin::  r.  2.3-;..       i-cin  on  June  21,  1939 •    ?rom  observations 
of  orchards  in  sod  end  mulch,  it  is  believed  spur  rows  might  well  b© 
managed  with  the  sod  end  mulch  system,  thus  both  eliminating  the 
necessity  for  the  grower  to  turn  in  the  middle  of  his  orr-hard  end 
reducing  the  tendency  toward  cutting  at  low  points  in  the  row. 
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Conclusions* 

To  control  erosion  with  the  least  fanoi.mt  of  sod,  the  most 
henefit  can  be  obtained  in  an  orchard  •'/.'hich  is  set  on  the  contour. 

In  all  cases,  in  setting  an  orchard  on  the  contour,  absolute 
contours  should  be  adhered  to,  or  the  rovrs  set  on  terrace  grades  ejid 
waterv;ays  provided* 

Contour  planting  can  be  accomplished  without  any  appreciable 
decrease  in  the  nuinber  of  trees  per  acre. 

Some  lend  has  topography  too  irregular  and  slopes  too  sharp  for 
contour  pl&nting  to  be  practical* 

Some  of  the  questions  on  contour  planting  vfill  not  be  answered 
until  some  of  the  orchards  have  passed  through  their  life  cycle* 

Due  to  the  long  life  of  the  orchard,  lay-out  work  should  be 
done  by  someone  who  has  had  experience  in  this  t^r'pe  of  work* 

Ridges  will  gradually  be  built  along  the  tree  rovT, 

Contour  planting  is  one  of  the  most  efficient  methods  of 
erosion  control  and  provides  the  foundation  for  the  use  of  other 
erosion  control  practices^ 

There  is  still  need  for  f^orther  study  of  certain  problems 
©rising  with  contour  planting  of  orchards* 

More  observations  should  be  made  on  the  benching  effect  along 
the  tree  rovrs  end  the  handling  of  spur  rows* 

As  the  trees  become  mature,  observations  should  be  made  to  de- 
termine if  the  tree  spacing s  can  be  improved* 
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Observations  should  be  made  on  the  use  of  sod  and  mulch  on  spur 

rows  • 

More  observations  should  be  made  on  the  orchards  laid  out  to 
terrace  grade,  but  left  unterraoed. 

Terracing  in  orchard  land* 
History* 

Orchard  terracing  was  practically  unknown  in  the  project  area 
prior  to  1937»    The  only  terracing  in  the  area  prior  to  that  time, 
was  a  benched  terraced  cherry  orchard  on  the  Carl  Hauck  farm  (see 
"Contour  planting  of  orchards").    Although  the  acreage  terraced  on 
this  farm  was  small,  the  principle  of  working  on  the  approximate 
contour  and  building  a  bench  terrace  had  been  tried  and  proved  there 
for  lli  years  before  the  Soil  Conservation  Service  began  terracing  in 
Michigan.    Mr.  Hauck  allowed  sod  to  form  on  the  bench  risers.  The 
cherry  trees  were  planted  along  the  terrace  near  the  top  of  these 
risers.    The  flat  areas  of  the  benches  were  inter-cropped  to  truck 
or  asparagus. 

More  detailed  comment  upon  the  early  terracing  by  the  Service 
on  this  project  appears  in  the  appendix. 

Results  of  observations  on  orchard  terraces  are  given  in  a 
report  (l9i4.0)  on  "Orchard  Terracing",  as  a  special  study  from  this 
project*    This  report  may  be  referred  to  for  more  detailed  informa- 
tion regarding  the  subject. 
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Level  terraces* 

■y^/hether  Y.'ith  closed  ends  or  open  ends,  level  terraces  should 
be  used  only  on  deep  sandy  soils,  where  they  v/ill  have  a  complete 
year  around  vegetative  cover •    Results  have  shovm  that  where  level 
open-end  terraces  were  used  and  no  vegetation  existed  in  the  terraced 
area,  overtopping  occurred.    Overtopping  was  caused  by  the  sealing  of 
the  terrace  channels  by  fine  silt,  washed  in  from  the  terrace  interval* 
The  maximum  length  of  these  terraces  was  1800  feet.    Short,  level 
terraces  with  open  ends  have  been  successfully  used  in  ssjidy  orchards 
vfhere  a  double  cover  crop  system  Viras  used.    If  design  of  terraces  must 
be  such  that  they  mil  withstand  the  worst  possible  conditions,  level 
terraces  must  be  used  only  mth  extreme  caution,  even  on  the  most 
absorptive  sandy  soils.    The  level  closed-end  terraces  built  in  the 
project  srea  have  worked  satisfactorily  because  tlie  vegetation  on 
the  terraced  field  has  not  permitted  the  sealing  of  the  terrace 
channels  (Figure  lii).    Slopes  on  Vvhich  level  terraces  have  been 
built  range  from  5  to  10  percent.    Except  for  the  first  terrace 
jobs,  few  level  terraces  were  built,  because  it  was  felt  that 
enough  of  both  closed-end  and  open-end  level  terraces  had  been 
constructed  to  provide  an  adequate  demonstration. 
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Figure  ILl.  First  orchard  terraces  built  in  the  project 
area  on  the  Roy  Butzbach  farm  in  Bainbridge  Tovjnship. 
These  are  level,  closed-end  terraces  of  the  absorptive 
type.  Note  the  holes  being  dug  on  the  terrace  ridges 
for  peach  trees.  Since  this  orchard  was  terraced, 
^iT*  Butzbach  has  added  approximately  17  acres  of  ter- 
raced peach  orchards  adjoining  this  field.     (Mi ch-25i4- ) 
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Terrace  lay-out. 

The  first  orchard  terraces  on  the  project  were  laid  out  accord- 
ing to  standard  spacing,  as  given  for  the  North  Central  States  (12)« 
The  top  terraces  were  laid  out  end  designed  as  diversion  channels  (See 
"Diversion  channels"  under  I.Ieadov/'s,  Pastures  and  Cropland").    At  first, 
little  thought  was  given  to  the  correlation  of  terrace  spacing  with  tree 
row  spacing.    In  the  second  year  of  orchard  terracing  -^vork^  an  attempt 
was  made  to  space  terraces  according  to  accepted  tree  row  spacings.  This 
simplified  orchard  lay-out  work  considerahly  and  cut  the  number  of  short 
or  spur  rows  to  a  minimum* 

In  lay-out  work  for  orcherd  terrpcing,  slopes  are  frequently  en- 
countered which  would  he  considered  too  steep  to  terrace  as  general  crop- 
land.    (This  condition  arises  from  the  fact  that  in  certain  cases,  the 
more  level  land  is  likely  to  have  poor  air  drainage  and  the  resulting 
frost  damage  v/ould  cause  considerable  less  to  the  grower).    In  such 
instances,  it  has  been  found  best  to  lay  out  a  terrace  for  every 
through  tree  rovf»  that  is,  each  row  v/hich  crosses  the  steepest  slope 
of  the  prospective  orchard.    Ley-out,  in  this  case,  usually  starts  on 
the  steepest  slope  and  the  terrace  line  is  run  in  each  direction. 

Since  terraces  on  the  steeper  slopes,  especially  in  sandier 
soils,  vrill  probably  result  in  benches  eventually,  it  is  advisable  to 
have  a  terrace  for  each  tree  rov/.    On  the  m-ore  gentle  slopes,  it  has 
been  found  sufficient  to  lay  out  a  terrace  for  every  other  through  tree 
row.    Terraces  on  the  gentle  slopes  are  more  easily  maintained  and  the 
land  may  eventually  be  used  for  something  other  than  tree  fruits. 
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Terrace  spacing  on  the  steeper  slopes  is  held  at  22  to  26 
feet  for  peaches  and  U.0  to  50  feet  for  apples*    On  the  more  gentle 
slopes,  spacir^  of  iili.  to  ^2  feet  is  used  for  peaches  and  80  to  100 
feet  for  apples.    The  size  of  the  terrace  snd  cross-section  should 
be  varied  to  conform  to  the  spacing* 

■•/Ifhen  trees  are  set  on  the  squaxe,  the  accepted  spacing  for 
peaches  is  18  or  20  feet  sjid  for  apples,  35  "to  b,0  feet.    To  allow 
for  some  slippage  of  tillage  implements,  the  spacing  between  rovfs 
should  be  increased  2  to  5  feet  in  terraced  orchards.    The  trees 
may  be  spaced  closer  in  the  row  (minimum  l6  feet  for  peaches  and 
30  feet  for  apples)  so  that  approximately  the  same  number  of  trees 
per  acre  m-ay  be  planted  ujider  the  terrace  system  vdth  rov^s  on  con- 
tour* as  ujider  the  square  s^^nstem. 

In  old,  established  orchards,  where  it  is  exceedingly  diffi- 
cult to  lay  out,  spa,ce  and  construct  terraces  of  proper  cross-section, 
it  has  been  found  best  to  decrease  the  standard  spacing,  as  given  for 
cropland  for  North  Central  States  (12)  by  20  to  30  percent. 

Location  of  trees. 

In  all  cases,  the  trees  were  planted  on  top  of  the  terrace 
ridges.     This . location  was  considered  best  for  ease  in  cultivation 
and  terrace  maintenance.    Cultivation  tends  to  create  ridges  in  the 
tree  roYfs  a.nd  so  reduces  the  am^ount  of  cultivation  required* 

Some  consideration  was  given  to  locating  the  trees  at  the 
lower  edge  of  the  terrace  ridges.    Ivlaintenance,  in  this  case,  vfould  be 
chiefly  from  the  upper  side  of  the  terrace  ridge  and  would  cause  a 
gradual  shift  of  the  ridge  ujitil  eventually,  it  will  be  in  the  tree 
rovr* 
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No  orchard  terraoe  system  has  "been  used  on  this  pro^ectj  where 
the  trees  ■were  omitted  from  the  terrace,  as  has  been  done  elsev/herej 
for  ease  in  terrace  maintenance.    It  is  doubtf*ul  if  sny  grov.'-er  in  this 
locality  would  be  v^llling  to  sacrifice  the  amoiont  of  land  that  would  be 
required  to  do  this. 

Terraoe  sections* 

The  first  terraces  were  built  with  the  cross-section  similar  to 
the  broad  base  absorptive  t^'pe.    However,  construction  difficulties 
experienced  on  the  ssjidier  soil. caused  most  of  the  eejrly  terraces  to 
be  narrow  base  absorptive  type  terraces.    That  is,  they  were  constructed 
from  both  sides,  when  possible,  and  ha.d  a  rather  narrow  high  ridge.  In 
cases  where  the  terrace  spacing  7^as  decreased  by  correlating  terrace 
spacing  to  tree  row  spacing,  the  size  of  the  terrace  7/-as  reduced.  It 
was  felt  that  a  narrow  base  terrace,  with  a  settled  height  of  15  inches, 
would  be  of  sufficient  size  for  the  relatively  close  spacing  used  end 
also,  that  the  smaller  terrace  could  be  easily  maintained.  Approxi- 
mately 30  percent  of  all  orchs.rd  terraces  built  in  the  project  area 
were  of  this  narrow  base  absorptive  tj'pe. 

vTith  improvements  in  terracing  equipment,  this  t;^'pe  of  terrace 
Was  easily  and  economically  built,  the  average  cost  being  |8  per  acre, 
or  ^)63  per  mile.    This  cost  is  considered  reasonable,  because  the 
average  length  of  an  orchard  terrace  in  the  Benton  Plarbor  sxea  is 
approximately  5OO  feet.    The  cost  per  acre  is  higher,  and  the  cost 
per  mile  lower,  than  ^vould  be  expected  from  a  standard  spacing,  since 
closer  spacing  gives  more  miles  of  small  terraces  per  acre. 
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The  terrace  ridges^  although  loitered  by  the  decrease  in  ter- 
race spacing,  tended  to  have  sharp  crests  when  constructed  from  both 
sides.    The  sharpness  of  this  ridge  was  further  increased  "when  a  disk 
was  used  to  cultivate  the  terraces.     In  order  to  aleviate  the  disad- 
vajatage  of  the  sherp  ridges,  the  absorptive  t^rpe  terrace  ^ms  replaced 
by  the  channel  or  drainage  type  terrace  early  in  the  sujumer  of  1933« 

By  building  the  drainage  tyr^e  terrace  frcan  only  one  side,  cons- 
truction difficulties  7/ere  miniinized,  because  it  wa.s  unnecessary  to 
move  dirt  laterally  for  any  great  distajice.    The  smaller  accumulation 
of  fill  dirt  in  the  ridge,  and  the  blending  of  this  ridge  into  the 
land  belo\7  the  terrace,  met  with  the  approval  of  the  cooperator  and 
the  horticulturist  alike. 

Where  terraces  were  built  on  tlie  more  drouthy  soils,  a  friable 
subsoil  usually  allowed  as  much  percolation  with  the  drainage  type 
terrace  as  with  the  absorptive  tyTpem    The  cost  of  construction  of 
this  type  terrace  was  lovrer  than  the  absorptive  type,  averaging  v>»50 
per  acre  and         psi*  mileo 
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Terrace  grades » 

The  building  of  le-'/el  terraces  for  nsuKimum  percolation  was 
prevalent  only  during  the  first  yesx  of  orchard  terracing*  There- 
after, no  level  terraces  of  a  greater  length  than  300  feet  were 
built.    The  most  satisfactory  grades  to  use  should  be  classified 
according  to  the  soil  type»    For  the  lighter  sands,  a  level  grade 
used  on  the  upper  200  or  500  feet,  vdth  a  0,2  foot  fall  per  100 
feet  for  the  remainder  of  the  terrace,  has  proved  satisfactory 
for  terraces  up  to  1,200  feet  in  length.    For  a  losony  sand,  mth 
a  retentive  subsoil,  a  uniform  grade  of  0,2  percent  is  best  for 
terraces  up  to  1,200  feet  in  length.    For  silt  loam  or  clay  loam 
soils  and  soils  vrith  impervious  subsoils,  a  variable  grade  terrace 
having  a  minimum  grade  of  0»2  percent  and  a  mejximum  grade  of  0#L|. 
percent  has  proved  satisfactory,  with  one  exception.    llJhere  seep 
areas  or  wet  spots  occur,  it  has  been  found  best  to  increase  the 
grade  to  0»5  percent.    This  is  necessary  to  provide  adequate  drain 
age. 


1 


-  91  - 

Construction  and  equipneiit* 

The  terracing  equipment  used  most  on  the  Benton  Harbor  Project 
consisted  of  a  20  horsepov/er  crawler  type  tractor  end  a  Ho.  1  Cater- 
pillar terracer.    Terrace  construction  on  the  more  sandy  soils  of  the 
project  has  always  been  difficult.     In  the  early  attempts  to  build  the 
Mejngum  type  terrace,  difficulty  was  encountered  in  obtp.ining  a  section 
of  sufficient  vridth.    This  was  due  to  the  inability  of  the  terracing 
machine  to  move  the  sand  laterally.    The  sand,  unlike  the  silt  and 
loam  soils,  will  not  roll  ahead  of  the  terracer  blade  if  it  is  f airier 
dry,  but  will  pile  up  and  push  in  front  of  the  blade*    If  the  blade 
is  set  on  a  more  acute  angle,  the  terracing  machine  skids  to  the  side 
without  moving  the  sand. 

The  sandier  soils  allow  steel  terracer  wheels  to  sink  into  the 
soft  subsoil  occasionally,  causing  the  blade  to  dig  a  groove  in  the 
terrace  channel  and  as  terrace  construction  progresses,  these  grooves 
become  a  series  of  waves.    The  first  of  these  difficulties  waS  remedied 
by  changing  the  type  of  terrace  section*  that  is,  from  the  absorptive 
type  to  the  drainage  type.     In  the  construction  of  the  latter  type  of 
terrace,  the  amoimts  of  sand  moved  laterally  are  smaller  and  at  no  time 
during  construction  is  there  need  for  moving  large  quantities  of  fill 
dirt.    For  further  details  regarding  terracing  equipm.ent  and  improve- 
ment made  in  terracing  equipment,  see  "Terracing  equipment"  under  "^lotes 
on  orchard  terracing"  in  the  appendix. 
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Terracing  in  established  or_^>h^.rds. 

Seven  terrace  systems  were  build  in  established  orchards  in 
the  project  area»    Since  most  cooperators  object  to  removing  more 
than  2  or  3  percent  of  the  trees  in  an  orchard,  the  use  of  large 
equipment  is  limited  to  orchards  "which  have  a  vride  tree  spacing. 
In  those  "j-ith  relatively''  close  tree  spacing,  small  terracing  equip- 
ment has  been  used  successfully.     In  close  spaced  orchards,  it  is 
also  desirable  to  use  a  terrace  7irith  a  small  cross-sectional  area 
9Jid  a  correspondingly  closer  terrace  spacing^  because  the  available 
area  to  be  disturbed  is  limited. 
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The  lay-out  of  these  terraces  is  a  difficult  operation,  being 
done  "best  in  late  fall  or  early  sprinr.    The  grades  used  in  lay-out 
vary,  because  it  is  sometirr.es  necessary  to  vary  the  grade  in  order  to 
miss  a  tree.     If  the  tree  is  not  cleared  properly  by  the  terrace,  the 
grade  may  be  increased  or  decreased,  or  a  cut  or  fill  may  be  made. 
Iherever  the  grade  increase  is  excessive,  the  channel  of  the  terrace 
should  be  sodded.     In  construction,  the  cuts  and  fills  8j*e  first  made 
with  a  slip  scraper.     If  the  soil  is  heavy,  the  terrace  lines  should 
be  ploT/ed  before  a  Gorsicana  or  similar  light  terracer  is  used.  The 
channel  t^'^e  terrace  built  from  one  side  is  best  suited  for  estab- 
lished orchards.    The  terraces,  as  well  as  an  area  at  least  30  feet 
Tfide  above  the  terrace,  should  be  maintained  in  continuous  sod.  .(See 
"Sod  in  orchards")*    These  small  terraces  are  also  best  suited  to  the 
sod  type  of  orchard  management,    TJhere  the  terraces  have  been  main- 
tained in  sod,  no  appreciable  difficulty  -fas  encountered  when  they 
were  crossed  with  rubber-tired  sprayir-g  equipment. 

The  cost  of  terracing  in  established  orchards  varies  con- 
siderably, depending  upon  the  tree  spacing,  the  soil,  slope  end  the 
amount  of  erosion.    Costs  range  from  |5»50  to  $26  per  acre. 


A  series  of  bench  terraces  vrere  "built  in  one  established 
apple  orchard.     Biese  benches  were  built  with  the  project  terracing 
equipment  and  finished  by  a  team  and  slip  scraper*    The  maximuii 
slope  hetvveen  the  terraces  vvas  20  percent •     The  benches  were  built 
sufficiently  wide  to  accommodate  spraying  equipment,     "niey  were 
seeded  and  m-ulched  upon  completion  and  have  remained  under  sod 
cover  since »    The  benches  have  vv-orlced  satisfactorily  and  the  co- 
operator  is  well  satisfied.    The  cost  per  acre  for  doing  this  type 
of  work  was  Jll;..     It  is  believed  that  imm.ediate  control  of  the  steep 
terrp.ce  risers  and  back  slopes  by  vegetation  is  essential  for  succes- 
ful  bench  terracing. 

Terrace  maintenance* 

Terrace  maintenance  under  orchard  conditions  presents  a 
number  of  special  problems.     (See  "Terrace  naintenejice"  letter  to 
cooperators  under  "Notes  on  orchard  terracing").    Orchard  terraces 
are  seldom.  ploYred  because  of  the  difficulty  encountered  in  plowing 
close  to  the  trees.    "VThere  they  are  plowed  during  the  first  3  or  II 
years,  the  usual  method  of  plowin^g  back  furrov^s  to  the  terrace 
ridges  and  to  the  in-bet^//een  trees,  with  dead  furrovrs  in  the  ter- 
race channels,  may  be  followed  (Figure  15 )•    However,  since  the 
lends  are  small  and  because  each  tree  row  vrill  include  two  lands 
if  dead  furrov^s  ere  plowed  in  the  terrace  channel,  it  is  recommended 
that  the  small  sections,  left  unplo7/ed  after  all  through  rounds  have 
been  rade,  be  disked.    These  areas  will  not  be  large  and  the  amount 
of  turning  necessary  to  plov/  them  out  might  be  excessive* 
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Figixre  13»    Steps  in  terrace  maintenance 
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Soil  deposits  caused  hy  bresJcing  through  of  in-between  tree 
rows  during  the  first  few  years  (see  "contour  planting  of  orchards") 
are  best  removed  by  using  a  slip  scraper  end  a  V-drag» 

Of  the  various  raethods  tried  on  terrace  maintenance,  disking 
seems  to  be  the  best.    If  deposited  soil  is  evenly  distributed  in 
the  terrace  ohsnhel,  most  of  it  may  be  removed  by  proper  disking. 
A  single  disli  is  best  suited  for  this  purpose,  although  excellent 
results  have  been  obtained  by  using  an  offset  tandem  disk.  For 
best  results,  a  single  disk  8  or  10  feet  long  should  be  set  to 
work  the  ground  avfay  from  its  center.    The  front  half  of  most 
tandem  disks  may  be  similarly  set.     Ihe  disk  should  be  op  rated 
parallel  to  the  terrace  ridge,  so  that  the  soil  is  v.'-orked  tov/ard 
the  trees,  or  to  the  top  of  the  terrace  ridge,  by  one  section  of 
the  disk,  while  the  other  section  is  permitted  to  run  in  the  ter- 
race channel.    On  a  return  trip,  one  section  of  the  disk  is  again 
run  in  the  terrace  cheimel  ,  while  the  other  section  moves  the 
dirt  up  the  terrace  back  slope,  away  from  the  terrace  channel* 
Tvro  or  more  rounds  may  be  necessary,  depending  upon  the  condition 
of  the  cheimel . 

With  an  offset  tandem  disk,  the  back  section  should  be  set 
to  work  the  soil  toward  the  trees.    It  may  be  necessejry  to  reverse 
the  "Y**  hitch  on  most  offset  disks  to  accomplish  this.    In  using 
this  type  of  disk,  the  same  steps  should  be  followed  as  in  main- 
taining terraces  by  plowing.    The  side  toward  v/hich  the  back  section 
moves  the  dirt  should  be  regarded  as  the  mold  board  side  of  a  plow. 
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Farming  orchard  terraces* 

The  most  common  tool  used  for  cultivation  in  orchards  on  the 
project  area  is  the  disk.    The  disk,  unless  exceptionally  rigid  in 
the  center,  works  satisfactorily  on  orchard  terraces  and  if  used 
properly,  it  can  be  effectively  used  for  terrace  maintenance.  The 
amount  of  terrace  maintenance  needed  depends  upon  the  management 
of  the  orchard.    Contour  cultivation,  cover  crops  in  both  summer 
and  winter  and  modified  sod,  if  moisture  conditions  permit,  all 
tend  to  reduce  the  amount  of  terrace  maintenance.    Terracing  in 
itself  is  not  a  guarantee  of  permanent  erosion  control.    It  should 
be  considered  as  a  base  or  foundation  upon  v^ich  other  practices 
may  function  to  maintain  and  improve  soil  fertility. 

The  use  of  rubber  tires,  on  both  tractors  and  spray  rigs, 
is  increasing  in  the  project  area.    It  is  believed  that  no  particu- 
lar difficulty  will  be  experienced  in  working  or  spraying  terraced 
orchards  when  rubber-tired  equipment  is  used  on  the  sandier  soils 
and  crawler  type  tractors  and  rubber-tired  spray  rigs  are  used  on 
the  heavier  soils.    (See  "Conclusions"  under  "Contour  planting  of 
orchards"). 
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Orchards  set  to  terrace  grades* 

During  the  year  1939*  the  number  of  orchards  set  to  terrace 
grades,  but  left  unterraced,  except  for  back  furrowing  to  the  roY/s, 
was  greater  than  was  the  number  terraced.    There  are  a  number  of 
reasons  for  this.    First,  many  cooper ators  may  not  decide  to  set 
their  orchards  until  just  before  planting  time  and  consequently, 
terracing  equipment  is  not  available.    Second,  in  many  small  or- 
chards, where  every  through  tree  row  is  set  to  a  terrace  grade,  it 
is  believed  to  be  more  practical  to  let  the  grower  build  his  terrace 
by  plowing  and  disking.    Third,  terraces  m&y  be  built  later, 
when  more  time  is  available  or  if  sjh  emergency  arises. 

In  using  this  method,  the  orchard  is  laid  out  as  though  it 
were  to  be  terraced,  the  key  or  through  rows  being  the  terraces.  The 
lines  are  then  plowed  in,  four  to  six  furrows  being  thrown  together  as 
a  back  furrow,  to  represent  the  key  or  terrace  row  which  was  set  to  a 
terrace  grade.    Fewer  furrows  are  thrown  together  to  make  the  in- 
betv^een  or  short  rows.    The  terrace  cross-sectional  area  will  be  under 
sized  for  a  number  of  years  and  overtopping  and  cutting  through  may 
occur  for  some  time,  especially  where  the  site  has  been  subject  to 
gully  erosion  previously.    However,  ift'hen  the  life  of  the  orcherd  is 
considered,  there  can  be  no  doubt  as  to  the  advisability  of  using 
this  method  as  an  emergency  measure,  regerdless  of  the  size  of  ihe 
orchard,  because  eventually,  a  satisfactory  terrace  section  can  be 
built.    Owing  to  the  fact  that  the  terrace  cross-section  will  be 
undersized  for  a  tirie,  it  is  believed  advisable  to  increase  the 
terrace  grade  to  a  uniform  grade  of  O.Ii.  percent,  so  as  to  minimize 
overtopping  as  soon  as  possible. 
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Conclusions » 

On  sandy  soils,  vjhere  slopes  are  over  5  percent  and  -vThere  the 
length  of  terrace  is  over  50G  feet,  level  terraces  should  not  "be  used 
except  in  special  cases. 

On  slopes  over  8  percent,  a  terrace  should  "be  built  for  every 
through  peach  tree  rov/  and  on  slopes  over  5  percent,  a  terrace  should 
be  built  for  every  through  apple  tree  row. 

The  drainage  or  channel  type  terrace  is  best  suited  for 
orchard  terracing • 

Reconimended  grades  for  orchsTd  terraces  on  sandier  soils 
and  soils  having  a  friable  subsoil  are:     level  for  the  upper  500 
feet  8»jnd  0#2  percent  for  the  remainder  of  the  terrace  up  to  1,200 
feet  in  length.    On  D^edium  soils,  a  uniform  grade  of  0»2  percent 
is  recomraended  for  terraces  up  to  1,200  feet  in  length.    On  the 
heavy  soils,  or  soils  having  impervious  subsoils,  a  variable 
graded  terrace,  having  0»2  percent  as  the  minimum  grade  and  Omh 
percent  as  the  majximum  grade,  is  recommended,  except  for  seep 
areas  and  wet  spotsj  "where  the  grades  should  be  increased  to  0.5 
percent. 

In  established  orchards,  small  drainage  type  terraces, 
T/ith  a  close  spacing,  should  be  used.    The  terrace  should  be 
maintained  in  continuous  sod. 

l/lTienever  terracing  equipment  is  not  available,  or  time  does 
not  pemit  terracing,  the  key  or  through  tree  rows  should  be  laid 
to  a  terrace  grade.    A  minimum  grade  of  0»L|.  percent  is  recommended 
for  these  rows# 

The  amount  of  terrace  madntenence  needed  depends  directly 
upon  the  management  practices. 
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Terrace  outlets* 

Nearly  all  terrace  outlets  used  for  orchard  land  were  vege- 
tatively  controlled.     The  meens  "by  ?Jhich  vegetation  was  established 
are  described  under  "Vegetative  control"  under  "Gully  control  in 
orchards." 

Natural  drainageways  were  used  i/^iienever  possible,  as  terrace 
outlets.    However,  the  natural  drainagev/ays  were  frequently  located 
in  established  orchards*    Under  these  circumstances,  it  ^ms  neces- 
sary to  construct  an  artificial  terrace  outlet  to  be  used  temporarily 
until  the  established  orchard  was  removed  and  the  terrace  could  be 
e::rfcended  to  the  natural  outlet*    The  location  of  temporary  outlets 
was  usually  elong  field  boundaries. 

For  further  information  on  the  design  of  terrace  outlets, 
see  "Terrace  outlets"  under  "Notes  on  orchard  terracing"  in  the 
appendix*     (See,  also  "llotes  on  gully  control")* 

Most  of  the  outlets  were  designed  for  a  reiiier  small  drain- 
age area,  the  average  being  only  5  acres*    For  this  reason,  special 
measures  were  not  used  to  divert  the  run-off  water  from  a  terrace 
outlet  while  seedings  were  being  established*     On  the  sandier  soils, 
a  few  terraces  were  blocked  temporarily  and  this  method  has  worked 
satisfactorily*    l/7herever  possible,  outlets  were  established  prior 
to  terracing  and  in  some  cases,  gullies,  which  were  previously  re- 
vegetated  as  part  of  the  gulljr  control  program,  were  used*  In 
general,  seedings  were  m-ulched  and  the  mulching  material  was  held 
in  place  by  using  old  cattle  fencing  and  wooden  stakes  (See  Figure  l6 
"Vegetative  control"  under  "Gully  control  in  orchards").    The  average 
cost  of  this  control  Wgs  approximately  10  cents  per  square  y&.rd.m  This 
method  of  control  was  considered  both  satisfactory^  and  economical* 
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Figure  l6o    Mulch  and  old  cattle  fencing  used  in  establishing 
vegetation  in  drainageways.    Although  the  picture  above  is 
of  a  highvfay  road  channel  v/hich  was  stabilized  by  using 
fencing  material,  the  sarae  method  has  proved  successful  in 
many  drainagev/ays  on  the  project  8rea» 

The  fencing  material  was  fastened  to  the  ground  by 
using  wooden  stakes  and  small  staples,  (Mich-290) 
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Outlets  were  constructed  by  using  a  ITo.  1  Caterpillar  terracer. 
Dirt  wr.s  drifted  from  the  center  of  the  channel  toward  the  sides  end 
spread  over  the  field.    The  side  slopes  v;^ere  made  as  flat  as  possible 
8nd  the  channel  bottom  vms  constn^cted  flat  end  level*    Before  seed- 
ing, the  outlet  was  disked  if  possible.    A  single  disk  set  to  vrork 
the  dirt  away  from  the  center  was  usually  used.     If  disked  in  this 
way,  the  finished  terrace  outlet  cross-section  had  a  slightly 
rounded  bottom. 

On  the  heavier  soils,  where  the  subsoils  were  unproductive, 
topsoil  vras  drifted  back  into  the  channel  and  mixed  with  the  subsoil 
by  disking  before  seeding s  were  made.    On  the  sandier  soils,  no 
attempt  was  m.ade  to  drift  a  light  covering  of  topsoil  back  into 
the  channel,  because  satisfactory'-  stands  of  vegetation  v/ere  estab- 
lished on  the  sandier  subsoils  by  usir^  mulch  end  fertilizer. 

The  maintenance  of  terrace  outlets  for  orchard  land  presents 
special  problems,  many  of  which  are  yet  unsolved.    Outlets  are 
usually'"  rather  smell,  because^ of  the  relatively'-  small  drainage 
sreas  end  the  vegetation  must,  therefore,  be  clipped  by  hand.  Con- 
sequently, clipping  is  often  neglected.    Then  too,  many  cooperators 
do  not  have  mowing  equipment. 

Because  of  the  excessive  siltation  caused  by  the  ssndy  soils 
of  the  area,  outlets  cannot  be  built  wider  than  good  design  dictates. 
The  amount  of  sand  carried  into  qxi  outlet  depends  upon  the  orchard 
management  end  cultivation  practices. 
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At  the  cutset,  it  vfas  believed  best  to  locate  the  terrace 
outlet  at  the  edge  of  the  field,  so  that  it  v/ould  not  be  necessrry 
to  cross  it  v/ith  tillage  implements.    Since  that  time,  however, 
some  difficulty  hB,s  been  encountered  in  turning  at  the  outlet  end 
of  the  terrace  because  of  a  lack  of  sufficient  space  between  rows, 
especially  in  peach  orchards*    Turns  may  be  made  betpfeen  tree  rows 
with  a  small  tractor  and  a  light  disk,  if  they  are  made  in  a  dovvn- 
hill  direction.    Ihe  disk  marks  left  in  an  up  end  dovm  hill  direction 
near  an  outlet  cause  some  erosion  and  in  turning,  the  disk  tends  to 
cause  a  dam  to  be  built  at  the  end  of  the  terrace.    This  condition 
is  still  more  serious  where  larger  and  heavier  equipment  is  used  and 
it  is  necessarv  4-0  cross  a  row  or  terrace  at  the  outlet  end  to  effect 
a  turn.    Because  a  slight  reduction  in  velocity  will  cause  send  to 
drop  from  suspension,  the  slovTing  of  the  water  from,  the  terrace,  at 
the  point  of  entry  into  the  outlet,  results  in  almost  the  entire 
ejnount  of  suspended  sandy  material  being  dropped  in  this  opening. 
This  effect,  combined  with  the  damming  caused  by  turning,  will  cause 
overtopping  of  the  terraces  if  maintenance  work  at  the  outlet  end  is 
not  performed  at  regular  intervals. 

It  is  believed  that  less  mainten8.nce  would  be  required  if 
outlets  were  located  so  that  they  may  be  crossed,  provided  that 
improved  ty-pes  of  disks  or  harrows  are  used  which  may  be  tripoed 
or  lifted  in  and  out  of  the  ground  autom.atically  (the  Orss  povrer 
control  disk  and  the  Oliver  roll-over  spring  tooth  harrow).  A 
number  of  cooperators  have  successfully  used  en  automatic  trip 
disk  in  crossing  outlets,  without  seriously  harming  the  vegetation. 
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Conclusions* 

IThen  possible,  outlets  should  be  estsblished  prior  to  a 
terracing  progrson* 

Natural  drainagevrays  should  be  used  -whenever  possible  end 
artificially  constructed  outlets  should  be  regarded  only  es  tem- 
porary measures t 

Mowing  of  vegetation,  in  some  cases,  must  be  performed  by 
hand  labor*    Gooperators  should  be  taught  the  proper  methods  of 
maintenance. 

A  minimum  amount  of  turning  with  tillage  implements  should 
be  made  at  the  outlet  end  of  terraces.    The  use  of  equipment  Y.'hich 
csn  be  tripped  in  and  out  of  the  ground  automatically  should  be  en- 
couraged. 
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Diversion  channels* 

Diversion  channels  have  been  used  successfully  as  an  aid  in 
este.blishing  cover  on  badly  eroded  areas,  as  the  top  terrace  in  a 
system  and  as  a  means  of  diverting  storm,  water  from,  gully  heads 
which  threaten  valuable  orchard  land.    In  locating  a  diversion  chejn- 
nel,  the  critical  point  on  the  steepest  slope  is  chosen  as  a  start- 
ing position.    The  critical  point  is  the  place  v/here  serious  sheet 
erosion  first  occurs,  as  at  the  heads  of  "shoestring"  gullies,  on 
the  steepest  slope  in  the  orchard*      A  suitable  outlet  may  be  a 
gully  or  natural  ravine  in  the  orchard,  vvhich  can  be  easily 
revegetated. 

The  lay-out  and  construction  of  diversion  channels  in 
orchard  land  is  the  same  as  given  for  terracing  in  established 
orchards.    Diversion  channels  have  been  designed  for  uniform 
velocities,  with  a  constant  cross-sectional  area,  by  varying 
the  grade*    Watershed  areas  were  broken  in  50-foot  intervals 
along  the  proposed  channel  and  Majnning's  form.ula  and  Ramser's 
(8)  ruji-off  curves,  for  a  10-year  frequency,  v:ere  used  for  design 
purposes. 
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Diversion  channels,  as  used  in  orchard  land,  frequently 
cannot  be  laid  out  to  grades  which  would  maintain  a  uniform 
velocity  in  the  channels.    In  order  to  maintain ^a  uniform  cross- 
section  when  a  valuable  tree  cannot  be  given  sufficient  clearejice, 
the  channel  grade  has  been  increased.     This  means  that  short 
stretches  of  a  channel  may  have  excessive  grades.    In  these  oases, 
the  methods  used  in  establishing  vegetation  in  the  diversion  channel 
are  varied  with  the  expected  velocity  (Figure  17«)    That  is,  for 
velocities  of  2  to  5  fe^t  per  second,  the  channel  is  seeded.  For 
velocities  from.  3  "to  5  feet  per  second,  seeding  is  protected  by 
mulching  and  the  mulch  is  fastened  down  by  using  fencing  material. 
For  velocities  over  5  feet  per  second,  the  channel  is  sodded  com- 
pletely and  the  sod  is  fastened  down  by  using  old  fencing. 
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Figure  17»     Diversion  chsnnel  built  in  estaclished  orcherd 
to  aid  in  control  of  erosion  on  steep  slope  below.  Sod 
strips  across  the  channel  v/ere  used  to  aid  vegetation  in 
becoining  established.     The  sod  strip  on  the  back  slope  vms 
used  to  keep  sand  from  washing  into  the  chsnnel  •  This 
method  has  worlsed  satisfactorily  on  the  lirht  sendy  soils* 
(Mich-86) 
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Diversion  channels  are  best  adB.pted  to  orchards  which  will 
be  managed  under  a  sod  and  muloh^  or  a  modified  sod  system*  Ob-, 
servstions  indicate  that  uniform  velocities  of  5  feet  per  second 
may  be  safely  used  for  design  purposes  on  the  sandier  soils  and 
velocities  of  3  feet  per  second  on  tlie  silt  loeiiis.     These  veloci- 
ties are  about  the  maximum  ujader  which  seedings  may  be  established 
without  usin^;  excessive  protective  measures  on  these  soil  t^^^es  snd 
they  9Te  about  the  minismm  velocities  required  to  nake  the  channel 
s  e If -ma intaining. 

When  diversion  channels  btq  installed  in  advance  to  other 
control  measures  on  watersheds  above,  serious  silting  or  sanding 
occurs  in  the  channels ♦    This  is  especially  true  on  the  lighter 
soils  and  during  the  winter  months.    Records    from  soil  loss 
demonstration  plots,  taken  after  a  rain  on  partially  frozen  bare 
Coloma  lopmy  sand,  show  a  soil  loss  as  great  as  the  run-off  pound 
for  pound.    A  diversion  channel  cannot  be  expected  to  be  self- 
maintaining  under  such  conditions. 

In  one  case,  where  it  was  especially  desirable  that  the 
diversion  channel  be  as  nearly  self -maintaining  as  possible  under 
adverse  conditions,  the  design  allov^ed  for  a  velocitjr  of  6  feet 
per  second,    Tlie  entire  channel  was  seeded  under  mulch,  which  was 
fastened  down  by  using  old  cattle  fencing.    It  has  successfully 
carried  large  quantities  of  both  vvater  and  soil  mthout  being 
serio.usly  silted  in  and  a  fair  stand  of  vegetation  has  become 
established  in  the  chennel. 
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Diversion  channels  for  diverting  water  from  r,ully  heads  to 
vegetatively  protected  outlets  or  structures  have  been  used  pri- 
marily in  orchards  v^-here  sod^  sod  exid  mulch,  or  modified  sod 
management  was  being  praotioed.     It  is  recommended  that  this  type 
of  diversion  channel,  which  is  frequently  used  toward  the  foot  of 
a  slope J  he  used  only  where  the  watershed  above  is  completely  con- 
trolled by  vegetation. 

Maintenance  work  v^as  neoessery  on  somje  of  the  diversion 
channels  on  the  sandier  soils*    This  has  been  accom.plished  ecpnom.i 
oally  by  plowing  and  by  using  e  V-drag»    Often,  nat5.ve  vegetstion 
will  come  back  and  reseeding  is  unnecessary.    Siltation  will  occur 
less  rapidly  if  the  vegetation  is  clipped  regularly  and  all  debris 
removed  from  the  channel. 

Conclusions. 

Diversion  channels  may  be  best  used  as  aids  in  establishing 
vegetation  on  eroded  slopes  in  orchard  land. 

If  desirable  grades  cannot  be  obtained,  the  grade  shoulr^  "^e 
increased  and  vegetative  control  established. 

Velocities  of  5  feet  per  second  are  rooominended  for  sandy 
soils  and  5  feet  per  second  for  silt  loam  soil. 

Diversion  channels  are  best  adapted  to  orchards  -which  sjre 
managed  under  a  sod,  sod  and  m-ulch,  or  a  modified  sod  system. 

Maintenance  vrork  may  be  accomplished  by  using  a  V-drag  and 
plow.    The  vegetation  on  a  diversion  channel  should  be  clipped  end 
the  channel  kept  free  of  debris. 
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Gully  control  in  or shards o 
Ceneral* 

The  methods  used  in  the  establishnent  oj?  vegetation  in  gullies 
are  similar  to  those  used  in  terrace  outlets©     The  design  methods  used 
in  connection  vrith  both  vegetation  and  structural  gully  control-— that 
is^  the  design  for  size  of  channel  for  vegetative  drainageways,  weir 
notches,  size  structures,  etc*— v/ere  the  seme  as  given  for  terrace 
outlets*    For  further  information  regarding  charxnel  sizes  snd  struc- 
tures, see  "ITotes  on  terrace  outlets,  gully  control  and  design  of 
dams"  in  the  aDDendix» 

Vegetative  controls 

Shaping  a  gully  into  a  properly  designed  drainageway  cannot 
"be  overemphasized,  for  if  the  drainagevj-ay  is  improperly  designed, 
severe  sanding  will  soon  reduce  the  capacity,  especially  on  sandier 
soils  v/here  the  ivatershed  is  not  100  percent  controlled.    The  gully 
control  part  of  the  erosion  control  prog  rem  for  orchard  land  of  a 
sandy  nature  may  be  considered  onl^''  as  good  as  the  watershed  control* 
In  no  case  should  vegetative  gully  control  work  precede  watershed 
control.     It  should  be  put  into  effect  simultaneously  or  after 
control  m.easures  are  put  into  effect  on  the  vmtershed. 

At  the  outset,  m.uch  of  the  bpmk  sloping  and  shaping  of 
gullies  was  done  by  hand,  because  of  the  large  emo-ant  of  1V?A  labor 
mailable.    Later,  tMs  work  was  done  by  plowing  and  disking,  or  by 
using  terracing  equipment,  depending  upon  the  size  of  the  gully.  De- 
sign specifications  called  for  a  level,  flat  bottom,  channel,  with  three 
to  one  as  the  meximiJim  ratio  for  side  slopes  and  18  inches  as  the  minimum 
depth  of  chsimel. 
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During  the  first  1«5  years,  the  brush  and  litter  method  was 
used  almost  exclusively  for  getting  vegetation  established  in  drain- 
ageways»    This  method  consisted  of  first  seeding  and  fertilizing  tiie 
disturbed  area  of  the  reshaped  gully.    A  light  strav/  mulch  v.'as  placed 
over  the  seeding,  just  thick  enough  to  shade  the  ground,  or  so  that 
the  ground  vras  still  visible  through  the  mulching  material.  Weedy 
hay,  clover  hullings  end  shredded  corn  stover  were  else  used  as  mulch* 

The  stravr  or  other  material  vms  held  in  place  by  placing  light 
fruit  tree  prunings  (msjximum  diameter  '^/h.  inch)  over  the  straw.  The 
butts  of  this  brush  were  turned  upstream  and  the  brush  was  daced  just 
thick  enough  that  the  twigs  on  each  branch  over-lapped  sujfficiently 
to  hold  the  mulch  in  place.    Poles  (maximum,  diameter  1«5  inches)  were 
laid  across  the  gully  at  varying  intervals  from  3  "to  5  feet,  depending 
on  the  length  of  the  brush  used.     These  poles  were  staked  to  the  ground 
by  using  forked  stekes  18  to  2U  inches  lor-g.    The  straw,  brush,  poles 
and  stakes  should  be  carried  well  up  the  channel  sides  (Figure  18). 
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Figure  18.    Early  "brush  and  litter  work  in  v/hich  forked 
stakes  were  used  to  hold  down  poles  and  bru^.  Note 
the  severe  silting  occurring  in  this  channel.    A  good 
stand  of  vegetation  w^s  estahlished,  but  the  capacitor 
of  the  channel  was  reduced  because  of  siltetion.  (l.iioh-79) 
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"When  used  in  Y^rgtersheds  where  some  control  measures  had  been 
put  into  effect,  this  type  of  control  vrorked  fairly  well,  but  be- 
cause of  the  hlrh  coefficient  of  roughness  caused  by  the  steJkeSj 
poles  and  brush,  many  jobs  were  severely  sanded  over  and  the  vege- 
tation smothered,  especially  where  the  watershed  vms  uncontrolled, 
or  only  partially  controlled.    The  forked  stakes  were  objectionable 
because  they  extended  6  to  8  inches  above  the  surface  of  t!:ie  channel 
V'-here  they  interfered  with  the  operation  of  orchard  equipment  end 
collected  considerable  d'^bris.    Despite  these  shortcomings,  mainten- 
ance was  needed  on  only  a  small  percentage  of  the  total  number  of 
jobs.    The  total  cost  of  this  t^^-pe  of  control  averaged  11l  cents  per 
square  yard. 

This  method  of  control  was  improved  later  by  wiring  the  poles 
and  stakes  together  with  baling  wire»     This  eliminated  tlie  forked 
stakes  and  reduced  the  cost  about  1  cent  per  square  yard. 

In  subsequent  vrork,  little  brush  was  used.    Wire  fencing 
material,  either  old  cattle  fencing  or  poultry  netting,  was  used 
almost  exclusively  to  hold  down  mulching  material.     If  the  fencing 
ivas  of  a  mesh  greater  than  6  inches,  it  was  laid  double.  Wooden 
stakes,  having  square  tops,  were  driven  at  least  18  inches  into  the 
soil,  so  that  the  top  of  the  stake  was  flush  with  the  surface  of  the 
ground.    One  stake  was  used  for  each  square  ^^ard  of  fencing.  A 
poultry  netting  staple  was  used  to  fasten  the  fencing  material  to 
the  top  cf  the  stake,  as  sho-vm  in  Figure  16.    An  ab'Jindance  of  used 
cattle  fencing  was  available,  due  to  the  general  trend  of  the  area 
from  dairying  to  fruit.    The  cost  of  fitting  old  fencing  for  use  in 
gully  control  work  has  been  estiniated  at  6  cents  per  rod.    The  average 
total  cost  per  square  yard  for  this  type  of  control  was  12  cents. 
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Better  results  ivere  obtained  i,Tith  this  wire  and  F.uloh  system 
than  with  the  brush  end  litter  tv^e  of  control o    Vegetation  v^as  es- 
tablished quicker  because  there  was  litble  shading.    The  coefficient 
of  rourhness  v;as  not  as  great  and  less  siltation  occurred.  Little 
difficulty  has  been  encountered  in  removing  the  fencing  material 
after  a  good  stand  of  vegetation  has  been  established.    The  small 
netting  staple  can  be  pulled  out  of  the  wooden  stalves  easily.  The 
vmterway  can  then  be  clipped  and  proper  maintenance  effected, 

A  considerable  quantity  of  new  poultry  netting  was  used  for 
holding  down  the  mulch.    This  material  is  economical  if  purchased 
in  6-foot  widths,  the  cost  being  approximately  h  cents  per  square 
yard.    It  has  been  as  satisfactory  as  cattle  fencing  for  establish- 
ing vegetative  control.    Less  la^bor  is  required  in  laying  the  netting 
and  the  average  total  cost  per  square  yard  is  about  10  cents,  Kowever, 
it  is  difficult  to  remove  poultry  netting  after  a  seeding  has  been  es- 
tablished.   Although  a  2-inch  mesh  netting  was  used,  it  became  so 
firmly  matted  in  the  grass  that  it  could  not  be  removed  without 
destroying  a  considerable  portion  of  the  vegetation. 

Cotton  fabric  and  Linennet  have  been  used  on  the  project  for 
establishing  vegetative  control  in  watervj-ays.     V.ie  costs  of  these 
materials  are  about  the  seme  as  those  for  poultry  netting,  I3iey 
are  not  as  durable  as  netting  and  in  a  few  cases,  they  have,  failed 
by  rotting  before  a  substantial  seeding  was  established.  Vegetation 
was  slower  in  becoming  established,  since  the  combined  shading  by  the 
fabric  and  orchard  trees  was  excessive. 
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Seed  mixtures  and  rates  of  seeding  have  varied  from  year  to 
year.    At  first,  no  nexl  was  applied  and  seeding  rates  were  l6  to  20 
pounds  per  acre,  'Tith  oats  or  rye  seeded  as  companion  crops,  at  a 
half  bushel  per  acre. 

In  1937*  "the  follomn^  seed  mixture  v/as  used  in  gullies t  8 
pounds  of  Canada  bluegrass,  2  pounds  of  Kentucky  bluegrass,  3  pounds 
of  orchard  grass,  3  pounds  of  meadow  fescue,  3  pounds  of  smooth  brome, 
It.  pounds  of  redtop  and  3  pounds  of  sv/eet  clover. 

This  mixture  waS  seeded  at  the  rate  of  26  pounds  per  acre,  vrith 
companion  crops  seeded  as  follows:     in  the  spring,  1  bushel  of  oats 
and  5  pounds  of  vetch  per  acrei  in  the  sumoer,  I5  pounds  of  sudem  grass 
and  5  pounds  of  vetch  per  acre.    The  areas  seeded  were  fertilized  with 
10-6-14.  fertilizer  J  at  the  rate  of  300  pounds  per  acre  and  a  few  of  the 
watenmys  were  marled  at  the  rate  of  U  ysTds  per  acre* 

In  1938*  the  rs.te  of  grass  seeding  was  doubled  and  marl  was 
used  for  most  of  the  seedin^s^    The  companion  crops,  as  well  as  the 
rates  at  ^vhich  they  were  seeded,  rem.ained  the  seme  as  for  the  pre- 
vious year* 

In  1939*  the  seed  mixture  used  consisted  of:    li  pounds  of 
Canada  bluegrass,  ij.  pounds  of  Kentucky  bluegrass,  2  pounds  of 
alsike  clover,  k  pounds  of  orchard  grass,  i^.  pounds  of  smooth  brome, 
6  pounds  of  redtop,  14  pounds  of  sweet  clover,  h  pounds  of  red  clover, 
6  pounds  of  domestic  ryegrass,  k  pounds  of  meadow  fescue  end  5  pounds 
of  hairy  vetch.    This  mixture  was  seeded  at  the  rate  of  50  pounds  per 
acre.    The  domestic  ryegrass  included  in  the  mixture  acted  as  a  com- 
panion crop. 
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Results  from  the  various  seed  mixtures  used,  indioate  that  the 
rate  of  seeding  used  in  I936  was  possibly  too  light  for  the  early  oon- 
trol  measures  employed^  because  considerable  siltation  and  -mshing 
occurred  in  the  earlier  waterway  seedings.    There  has  been  little 
difference  in  the  suocessfulness  of  the  1937  seed  mixture,  sov/n  at 
the  rate  of  50  pounds  per  acre  in  193^*         "the  1939  seed  mixture^ 
sown  at  the  same  rate. 

The  rate  at  which  seedings  are  made  in  dreinagev-ays  should  be 
dependent  upon  the  completeness  of  the  protection  given  by  control 
measures  emploj/'ed  and  the  possibility  of  the  drainagevray  carrying 
large  quantities  of  run-off  at  high  velocities*    A  better  cover  was 
established  more  quickly  by  using  dom.estic  rye  grass  ajad,  apparently^ 
the  rye  grass  v/ill  be  followed  by  better  stands  of  other  grasses  than 
will  the  compsjiion  crops  previously  used.    This  is  not  conclusivej  as 
sufficient  time  has  not  passed  for  the  making  of  a  com.plete  study* 
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The  tendency  of  the  mixtures  s-nd  companion  crops  used  in 
1937         1958*  ha.s  been  tovrard  the  establishment  of  a  dense  cover 
by  the  companion  crop  during  the  first  year^  followed  by  a  fair 
to  dense  cover  of  sweet  clover  vrith  redtop  and  orchard  grass  pre- 
sent during  the  second  year*    A  survey  of  seeded  waterwa^^^,  made 
two  years  after  seeding,  indicates  that  orchard  grass  and  redtop 
are  the  ti-vo  grasses  most  likely  to  succeed  from  the  1937  mixtu.re. 
There  are  indications,  hov/ever,  that  some  of  the  other  members  of 
this  mixture  will  become  more  prominent  after  tvro  or  three  years. 
In  drainage7/ay  seedings,  the  presence  of  sweet  clover  end  orchsrd 
grass,  or  other  stiff  stemmed  plants,  is  not  desirable,  but  their 
use  should  probably  be  continued  until  suitable  grasses  are  found 
which  will  grow  under  the  adverse  conditions  which  exist  in  drain- 
ageway  seedbeds.    These  desirable  grasses  should  lie  down  and  pro- 
vide a  smooth,  even  surface  for  the  stonn  water  to  flow  over. 

The  establishment  of  vegetation  in  a  few  drainageways  vms 
attempted  by  seeding  and.  ihe  use  of  i^.isker  dams  as  a  protective 
measure.     These  dams  were  found  to  be  effective  on  small  watersheds 
up  to  2  acres  in  area.    On  larger  watersheds  on  the  sajndier  soils, 
a  step-like  effect  was  obtained  and  the  dams  failed. 

The  methods  used  for  the  maintenance  of  vegetative  drainage- 
vrays  are  similar  to  those  given  for  orchard  terrace  outlets.  The 
use  of  improved  disks  and  harrov/s  which  may  be  tripped  in  and  out 
or  lifted  over  the  channels  should  be  further  emphasized. 
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Structures . 

Because  of  the  hijph  value  of  orchard  land,  a  relatively  larf^e 
number  of  permanent  structures  of  various  types  have  been  used.  Pew 
temporary  structures  have  been  emplo^'ed  in  orchard  lajid,  due  to  t^e 
fact  that  it  has  been  necessary  to  use  shrubs  and  forest  trees  in 
conjunction  with  these  structures  to  control  gullies.    Control  by 
vegetative  drainageways  in  the  orchard  itself  was  emphasized.  The 
use  of  permanent  structiares  vras  confined  to  large,  deep  ravines  or 
gullies  Yfhich  threatened  to  enter,  or  had  already  entered  the  or- 
chard. 

Early  in  the  history-  of  the  project,  a  few  semi-perm.anent 
rock  wire  dams  were  used  in  orchard  la,nd»     Ihese  were  constructed 
by  enveloping  boulders  inside  of  vfoven  wire  fencing.    E0.ch  rock  wire 
dam  ?\ras  laid  in  a  trench  across  the  gully,  so  that  its  ends  were 
8  inches  to  a  foot  higher  than  its  midrile,  as  shown  in  Figure  19» 
In  this  way,  storm  water  was  forced  to  go  over  the  middle,  rather 
than  around  the  ends  of  the  dam..    A  boulder  apron  was  provided.  In 
some  cases,  water  ran  through  these  dams  for  a  number  of  years,  but 
eventually,  the  spaces  bet^veen  the  rocks  became  filled  with  silt  ajid 
the  dam  itself  became  partly  covered  v/ith  vegetation. 

In  the  early  days  of  the  croject,  a  few  arched  brick  dams  v«rere 
built  in  orchards  to  control  active  gully  lips.     Ihis  type  of  dam.  is 
shovm  in  Figure  20.     The  bricks  used  were  soft  and  were  used  because 
they  were  obtained  free.     They  were  cleaned  by  V/PA  labor  during  the 
winter  of  1936. 
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Figure  IQ.    Woven  v^-ire  boulder  dam.     These  dams  are  built 
by  enveloping  boulders  inside  of  vroven  vrire.  Eventually 
the  cracks  bet^Teen  the  boulders  becp'-e  filled  7/ith  silt, 
and  vegetation  has  partly  covered  the  structure.  (Mich-62) 
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Figure  20,    Low  soft  brick  arch  dam.     The  apron  is  of  boulder 
riprap.    Many  of  these  dams  have  been  partly  destroyed  by 
frost  action  on  the  soft  bricks.    The  channel  below  and 
above  this  dam  has  been  covered  with  a  dense  stand  of  vege- 
tation.   The  channel  below  tlie  dam  lias  been  built  up  by 
silt  accumulations,  so  that  now  the  dean  acts  as  a  water 
spreading  device*  (Mich-35) 


The  soft  bricks  were  badly  o racked  and  chipped  by  frost  ac- 
tion during  the  first  winter  pi].d,  no  doubt j  the  dams  would  have 
failed  earlier  if  they  had  not  been  arched.     They  were  not  more 
than  2  feet  high  and  those  that  have  failed  to  date  have  not  "per^ 
mitted  serious  erosion,  because  of  the  excellent  vegetative  control 
above  end  belovj-  the  dams.     In  a  fevr  cases,  the  siltation  of  the 
drainageway  below  the  dam  has  been  so  extensive  that  the  effective 
height  of  the  dam  has  been  reduced  from  2  feet  to  3  or  I4.  inches. 
In  other  words ^  the  dam  has  become  merely  a  water  spreader.  Under 
no  circumstances,  would  soft  bricks  be  considered  as  material  for 
permanent  dams  today  and  with  the  present  improved  methods  of  estab- 
lishing vegetation,  the  use  of  many  of  these  dams  vfould  not  be 
repeated* 
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A  number  of  flumes  were  also  built  with  soft  bricks.  A 
picture  of  this  type  of  Hume  is  shown  in  Figure  21.    To  date, 
there  has  not  been  a  failure  of  a  fli;ime^  because  of  the  action  of 
frost  on  the  brick,  but  maintenance  work  will  be  necessary  in  the 
future.    The  longest  of  these  flumes  was  built  ?/ith  a  reinforced 
concrete  floor.    Since  1937*  flumes  and  dams  have  been  built  of 
reinforced  concrete.    A  rectangular  cross-section  has  been  used 
on  all  flumes* 

A  stilling  basin,  designed  Y^j'ith  a  buffer  block  and  v/eir  wa! 
as  sho'/zn  in  Figure  22,  was  used  at  the  lov/er  end  of  all  flumes ♦ 
Flumes  were  used  only  where  the  value  of  the  lend  and  trees  pro- 
tected was  over  |250  P^i'  acre;  where  the  watershed  area  was  more 
than  10  acres  and  where  storm  water  had  to  be  dropped  more  than 
10  feet  before  reaching  a  stable  grade.     In  general,  no  flume  was 
ever  placed  in  a  gully  head,  but  the  storm  water  was  diverted 
around  the  gully  head  to  a  point  where  th.e  flume  could  be  cons- 
tructed on  solid  ground.    Consequently,  only  one  flume  has  been 
undercut  et  the  head  end.    Since  this  failure  has  occurred  in  the 
spring  for  two  successive  years,  frost  action  is  believed  to  be 
the  cause.    The  flume  is  located  on  heavy,  wet  soil  and  during 
the  winter,  the  head  end  is  heaved  up  and  left  in  a  perched  posi- 
tion in  the  spring  when  undercutting  occurs.    A  similar  flume, 
loGsted  on  similar  soil,  but  drained  underneath,  has  not  under- 
cut.   Steps  have  been  taken  to  provide  drainage  for  the  soil 
underneath  the  flume  where  undercutting  occujrs* 
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JFigure  21.     Short  head  flime  "built  with  soft  "bricks. 
Tliis  type  of  flume  has  worked  successfully  except 
that  the  soft  bricks  have  been  demaged  hy  frost 
action.  (Mich-95) 
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Figure  22,    Reinforced  concrete  hepd  flume.     The  stilling 
basin  consists  of  a  buffer  block  in  the  throat  of  the 
f  luine  with  a  low  wsir  well  and  apron  at  the  end  of  the 
stilling  basin  box«  (lIich-l+59) 
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Small  concrete  reinforced  check  dams  were  built  according 
to  standard  specifications  for  this  type  of  d.ejp.j  as  given  by 
Ellison  (5)»     They  were  used  only  vrh ere  land  values  vrere  high 
and  where  permanent  protection  was  needed.    Hov/ever,  vrith  present 
improved  methods  of  establishing  vegetation,  the  construction  of 
some  of  these  dsi^^.s  vrould  not  be  recomm.ended  today. 

A  number  of  concrete  gravity  dams  were  built  for  larger 
watersheds  where  the  run-off  water  had  to  be  dropped  over  6  feet 
to  a  stable  grade*     In  one  case,  the  cooperator  insisted  that  one 
large  gravity  dam  be  built,  rather  thsji  a  series  of  small  check 
dams,  since  by  building  the  larger  dam,  he  couJ.'^  reclaim:  appro:r:i- 
mately  a  half  acre  of  land.     Inasmuch  as  he  furnished  all  material 
and  form  lumber,  the  dan  was  built.    Tlotes  on  design  and  use  of 
gravity  dam-s  vdll  be  found  in  the  appendix. 

A  new  type  of  concrete  hinged  arch  dam  Yie.s  developed  on  the 
Benton  Zarbor  project  during  1938 •    ^nly  t^.TO  dams  of  this  t^'-pe  were 
constructed.    One  of  these  is  shoiTn  in  Figure  23.    Both  have  worked 
satisfactorily.    AJotes  on  the  design,  construction  end  use  of  these 
dains  appear  in  the  ar'^endix. 
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Figure  23 •    Concrete  hinged  arch  dam.    t>ach  slab  in  the  arch 
is  hinged  by  using  dov;-el  bars  and  corrugated  metal  separators. 
Forms  are  adjustable  and  may  be  used  repeatedly.    The  dam  is 
poured  in  place©    (Mich -370) 


Zh^rsel  sizes  should  be  deslrred  for  const&xt  velocity* 

Watershed  areas  must  he  controlled  at  the  time  vegeta- 
tive ^v.lly  control  ""rorh  is  put  into  effect. 

The  most  efficient  and  economical  method  by  which  vege- 
tation may  be  established  in  drainageways  where  storm  i«/ater  canrot 
be  tomporrr ily  diverted^  is  by  using  fencing  m?teri?l  vrith  v:ooden 
stakes,  and  m.ulch  to  protect  seeding s. 

Siltation  m.a2/  be  serious  with  e.  brush  and  litter  ty^o  of 
control. 

The  following  rates  of  application  are  recocmiended:  for 
seeding,  yO  pounds  per  acre;  for  fertilizer^  pounds  10-6-I{. 

per  acre;  marl,  I;  yards  per  acre.    As  a  com.psjiion  crop,  dom.estio 
rye  grass  is  recomiriended. 

A  mixture  of  the  follov/ing  is  suggested  for  gully  cortrcl 
work:     redtop,  Canada  blue  grass,  Kentucky  blue  grass,  domestic 
rye  grass,  orchard  grass,  red  clover  and  hairy  vetch. 

Soft  bricks  should  not  be  used  for  permanent  structijires » 
Reinforced  conorote  is  recommended « 

It  is  reooFjnended  that  "emanent  structures  be  used  only 
where  vegetation  cannot  be  established  or  maintained. 

Flumes  may  be  used  for  large  quantities  of  vj"ater  v/here 
runoff  must  be  quickly  lo7rered  over  10  feet  to  a  stable"  grade. 

Gravity  dsms  may  be  used  in  narra\'/-  gullies  for  large 
quantities  of  v/ater,  where  runoff  m.ust  be  dropped  from  6  to  10 
feet  to  a  stable  grade  ejid  where  there  is  an  abundance  of  rocks 
or  boulders  for  buildinf"  reterial* 


Reinforced  ooncrete  check  dams  may  be  used  for  lar;^e  <:iuan- 
tities  of  water J  where  run-off  must  be  dropped  less  then  5  feet  to 
stable  grade* 

Concrete  hinged  e^rch  dams  nay  be  used  for  large  quantities 
of  water  in  Y/ide  drainageways^  v^here  the  run-off  vrater  must  be 
dropped  less  than  6  feet  to      stable  grade* 


Oroherd  roads* 

Farm  roads  in  orohs-rd  land  have  elways  been  a  serious  erosion 
problem*    This  is  true  "because  orchards  usually  are  located  on  the 
uplands  for  desirable  frost-free  sites.    I^Iany  orohard  roads  are^  there' 
fore,  steep  and  the  rush  of  storn  water  down  the  deep  ruts  left  by 
heavy  orchard  equipment  carries  enormous  qusntities  of  soil. 
Orchard  roads  are  subject  to  heavy  traffic,  both  from  spraying 
equipment  and  from  the  hauling  of  fruit  out  of  t?.e  oroherds*  The 
job  of  maintaining  these  roads  is  net  easy  end  if  it  is  put  off 
until  harvest  time,  it  adds  considerably  to  the  heav^'- vv'ork  load 
of  the  average  grower « 
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A  number  of  contour  roads  have  been  le.id  out  in  the  project 
exes,  because  it  vas  believed  to  be  the  best  method  for  erosion 
control*     In  established  orchards,  however^  contour  roads  ere 
sometimes  difficult  to  lay  out,  ur.less  a  number  of  tress  sre  re- 
moved*   Where  contour  roads  are  impracticalj  a  number  of  surface 
drains  have  been  installed  to  o?rry  the  storm  water  from,  the  ruts 
to  a  protected  outlet  along  the  edge  of  the  road  (?igure  2ij.),  At 
first,  v7ooden  troughs  vrere  built  7;-ith  a  number  of  partitions,  so 
that  a  serious  bum.p  would  not  be  caused  uh.en  crossed  '.Tith  orohexd 
equipr.ent»    I>a3  to  the  squa.re  shape  of  these  troughs  and  because 
of  the  rough  lumber  used,  they  became  easily  plugged  '^Tith  silt* 
Som.e  damage  was  also  caused  to  the  wood  by  heavy  equipm.ent.  To 
rem.edy  this,  surface  drains  to  divert  the  storm  vrater  from  orchard 
roads  were  built  of  reinforced  concrete  (Figure  52  in  the  ^-ij^--ip,dix 
These  diverters  consisted  of  a  groove  apnroxiinately  3^-  inches  deep 
8Jid  5  inches  ^.vlde,  oast  in  a  block  of  reinforced  concrete.  The 
concrete  blocks  were  precest  in  a  m-etal  form  v/hich  could  "^e  used 
repeatedly  (Figure  53  in  the  appendix).     They  were  placed  across 
and  trenched  into  the  roadY^ay  so  that  the  grooves  in  the  blocks 
would  carry  the  storm,  water  to  the  side  of  the  road  into  a  sod 
or  protected  outlet,  as  shoivn  in  Figures  2k  end  23,^     It  was 
found  that  these  road  diverters  should  have  a  fall  of  13  to  20 
inches  in  crossing  a  l6-foot  roadway.    The  spacing  between  di- 
verters vres  varied  from  30  to  60  feet,  depending  on  the  slope  of 
the  road.    Although  they  must  be  cleaned  out  after  each  severe 
storm,  it  is  m.uch  more  simiple  to  do  this  than  to  rebuild  the 
road  annually. 
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Figxare  2t|."  •    Arrangement  of  surface  drains.    Drains  should^ave 
18  to  2U  Inches  fall  in  18  feet*    It  is  desirable  to  ha-9« 
water  enter  the  upstream  end  to  help  in  keeping  the  drains 
clean* 
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drains.  (3.:ich-502) 
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The  loc8.tion  of  roads  in  contour  end  terro.ced  orchards 
is  importp.nt  ond  they  should  be  plejined  and  laid  out  at  the  same 
time  the  orchard  is  planned,  for  unless  a  suitable  erosion-free 
roadway  is  provided,  terraces  and  contour  rows  are  likely  to  be 
crossed,  or  even  the  terrace  outlet  used  as  a  roadway*    The  plan- 
ning of  orchp.rd  roads  may  be  raade  as  shovm  in  Figure  13*  but  each 
roadway  is  an  individual  problem* 

ConclusionSi, 

Contour  roads  should  be  estaJblished  when  possible. 

Wien  contour  or  terraced  orchards  are  planned,  provision 
should  be  made  for  suitable  erosion-free  roadways* 

Surface  drains  are  recomr^.ended  for  roads  having  grades 
from  3  percent  to  10  percent*  The  spacing  between  the  drains 
should  be  governed  by  the  slope* 

Orchard  roads  having  grades  over  10  percent  should  be  re- 
established to  a  lower  grade* 

Surface  drains  should  be  cleened  of  erosional  debris  after 
each  severe  storm* 
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Meadows,  Pastures  and  Cropland 

Liming. 

The  value  of  liming  as  a  Feature  for  soil  and  water  conserva- 
tion is  chiefly  through  indirect  influences.    Vfhile  an  abundance  of 
lime  in  some  soils  doe?!  5.mprove  their  ph5'-sioal  condition  for  the 
absorption  of  more  rain  water,  the  chief  benefit  is  due  to  the  pro- 
motion  of  better  vegetative  cover  and  increased  amounts  of  organic 
matter  in  the  soil. 

The  need  for  a  more  general  use  of  liming  materials  on  many 
of  the  farms  within  the  area,  has  been  recognized •    The  sandy  soils 
ere  low  in  organic  matter  and  should  have  a  soil  building  progrem 
applied  -^o  them*  meadows,  r-.p;-?,tures  and  croplerr'  •^•-^q  too  f>cid  for 
the  production  of  alfalfs  hay  or  svreet  clover  for  green  manure 
and  increased  yields  of  certain  crops  have  frequently  f ollovred 
the  application  of  lime.    The  use  of  liming  materials  is  funda- 
mental «5nd  essentif^l  in  the  rebuilding  of  acid  soils  and  in  the 
maintenance  of  poil  fertility.    Consequently,  the  application  of 
sufficient  amounts  for  the  growbh  of  alfalfa  and  sweet  clover  be- 
came one  of  the  first  r equirem.ents  in  farm  plans  for  this  area* 

A  lime  requirement  map  of  Perrien  County  (Figure  h,Q)  on 
^A^hich  the  project  area  boundaries  are  indicated,  may  be  found  in- 
the  appendix.    About  three-fourths  of  the  land  in  the  area  requires 
from  1.5  to  5»0  tons  of  agricultural  limestone  per  acre,  to  change 
the  reaction  of  the  soil  to  a  range  Y/ithin  which  satisfactory  stands 
of  either  of  these  crops  m.ay  be  expected 
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With  an  p."bur.der».ce  of  Icjv/- priced  marl 'within  easy  hav.ling 
distj?noe  of  all  cooperative  farT.s,  lime  requirement  has  commonly 
been  referred  to  in  terms  of  "ysrds  of  narl",  rather  than  tons  of 
limestone*    One  yard  of  this  insrl  is  equivalent  to  about  1,500 
pci^.nds  of  agrioult'-irsl  Ti-mestone# 

Marl  has  "been  applied  chiefly  "by  hsnd  end  "by  the  use  of 
majiure  spreaders,  since  there  is  practically  no  special  equip- 
ment for  this  purpose  in  the  community.    A  special  marl  spreader 
was  developed  and  used  successf>illy  by  a  nv^ber  of  cooperators* 
By  the  niethods  used,  good  coverage  with  emounts  less  than  h  yards 
per  acre  cannot  he  obtained  easily.    For  this  reason,  j+  yards  hi?V9 
commonly  been  used  as  the  standard  re commend at ion«     In  most  cases, 
this  amount  has  been  ample,  but  in  a  few  insta„nces,  chiefly  on 
light  sands  low  in  organic  matter,  additional  amounts  have  been 
necessary. 

Owing  to  the  inclination  to  delay  marl  applications  until 
a  short  time  before  the  seeding  of  alfalfa  and  sweet  clover,  a  few 
failures  were  experienced.     These  failures  emphasized  the  need  of 
sufficient  time  for  the  lime  to  become  effective  before  seeding? 
are  made.    Consequently,  plan*?  of  conservation  operations  provide 
that  marl  applications  be  made  at  lee^t  6  months  before  seeding. 
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A  few  cooperators  were  slow  in  reallsinp;  the  importance  of 
a  liming  Drop;rera«    ¥.c  doubt,  this  was  partially  due  to  an  occe- 
sional  report  of  ali'alfa  growing  on  lend  ^ere  no  lime  materials 
had  been  applied.    Most  cooperators,  however,  were  anxious  to 
obtain  all  the  ir^arl  possible  at  the  special  rate  afforded  by  the 
government  under  their  agreement  and  many  of  them,  have  purchased 
end  applied  amounts  beyond  those  specified  in  the  agreement.  More 
than  10,000  yards  of  m.arl  were  dug  by  the  j^overnment  and  made  avail 
able  to  all  cooper etors* 

The  effectiveness  of  9  liming  program  on  the  cooperating 
farms  within  the  oroieot  is  reflected  in  an  increased  acreage  of 
alfalfa  and  sv^-eet  clover,  in  the  improverrent  of  numerous  pastures, 
in  providing  better  green  manure  crops  pnd  in  an  increesed  am.ount 
of  leguminous  cover  in  orchards « 

g one lus ions. 

The  use  of  lime  is  fundamental  pnd  essential  in  maintain- 
ing and  rebuilding  acid  soils.    It  should  be  one  of  the  first 
considerations  in  plans  for  conservation  operations. 

Lime  or  marl  should  be  applied  at  least  6  months  previous 
to  the  time  of  seeding  aoid  sensitive  legumes* 

Improved  crop  rotations. 

The  importance  of  good  rotations  in  any  cropping  prograjn 
for  the  control  of  erosion  \vas  well  recognized  v;hen  the  project 
was  established.    Owing  to  the  varied  types  of  farming  in  the 
area,  hovmver,  no  attempt  wes  m.ade  to  formulate  a  standard  set 
of  rotations. 
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There  is  a  considerable  range  of  diversification  on  farms 
in  the  area.    Some  are  almost  entirely  in  orchards  and  a  few  are 
used  primarily  for  the  p:'oduction  of  grain  and  livestock,  but 
the  majority  are  given  over  to  various  combinations  of  truck 
crops,  fruit  and  a  limited  amount  of  crops  for  feed  and  grain. 
Such  a  Twide  variation  made  it  necessary  to  work  out  each  rotation 
to  meet  the  specified  conditions  on  the  farm  "where  it  was  to  be  used. 

An  attempt  was  made  to  provide  Tvinter  cover  follomng  all 
clean  tilled  crops.  Under  general  farming  conditions,  old  rota- 
tions such  as  corn-oats-clover  or  corn-oats-wheat-clover  were  used 
satisfactorily  on  level  lend.  Since  most  of  the  rotational  land 
under  agreem^ent  is  sloping  and  because  these  rotations  did  not 
provide  winter  cover  follov/ing  corn,  it  was  considered  better  to 
use  rotations  of  corn -wheat-clover  or  corn-wheat-alf alf a-alf alf a» 

Effort  was  made  to  devise  long  rotations  with  as  little 
time  as  possible  given  to  cultivated  crops.    Yfith  this  in  mind, 
corn-wheat  and  3  or  h  years  of  alfalfa  was  the  most  commonly  used 
rotation  for  general  farming  conditions. 

Truck  crop  rotations. 

The  chief  concern,  ho-^vever,  was  rotations  for  land  being 
used  for  truck.    Much  of  this  was  in  clean  tilled  crops  every  year. 
On  the  sandy  soils,  which  make  up  the  greater  part  of  the  truck  area, 
the  supply  of  organic  matter  had  become,  or  was  rapidly  becoming, 
very  low,  although  considerable  manure  was  being  shipped  in»  Con- 
sequently, the  need  of  soil  improving  crops  in  truck  rotations  was 
given  first  consideration. 
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In  order  to  furnish  ?an  abT^ndajnce  of  orgs.nio  material  to  be 
turned  under,  these  rotations  were  planned  to  provideji  frequentljr, 
a  year  given  oyer  entirely  to  soil  improving;  pwposes.    The  rota- 
tion truck-truok-s'-'veet  clover  vras  used  more  then  any  other,  although 
a  2-year  rotation  of  truck-CTreet  clover  was  often  recommended  for 
the  lighter  sands© 

Under  the  conditions  of  truck  growing  outlined  above,  the 
improved  rotations  were  short,  ra-i-her  than  long*    In  some  cases, 
soybea.nsj  or  a  mixture  of  soybeans  end  Sudan  grass,  was  used 
instead  of  sweet  clover* 

Truck  growers  vary  in  their  opinions  with  regard  to  the 
merits  of  soybeans  end  sweet  clover.    Those  unfamiliar  vdth  the 
habits  of  sweet  clover  usually  prefer  soybeans*    While  the  latter 
do  furnish  a  large  amount  of  orgeiiic  matter,  the  practice  of  plow- 
ing them  down  in  the  fall  necessitates  the  use  of  a  winter  cover 
crop.    This  experse  of  plowing  and  seeding  is  avoided  where  sweet 
clover  is  used* 

Growers  who  strive  to  get  their  cantaloupes  matured  for  an 
early  market,  claim  that  plowing  down  alfalfa  or  sweet  clover  in 
the  spring  delays  maturity  of  their  melons*    For  that  reason,  they 
prefer  soybeans  in  their  short  rotations • 
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Rotations  -were  started  which  included  three  years  of  straw- 
■hArries,  followed  by  one  or  two  years  of  sweet  clover*    Owiner  to 
"various  factors,  however^  the  use  of  sweet  clover  with  strawberries 
has  been  questioned*    First,  the  soil  reaction  neoessary  for  the 
growth  of  sweet  clover  is  also  favorable  to  root  rot  in  the  straw- 
berry; second,  the  pH  ranp;e  preferable  for  strawberries  is  below 
that  required  for  sweet  clover;  and  third,  when  sweet  clover  is 
allowed  to  mature  seed  and  is  subsequently  plowed  under,  the  volun- 
teer stand  that  often  follows  iimy  be  sufficiently  dense  to  require 
an  excessive  amount  of  hand  Ipbor  to  eliminate  it  from  the  straw- 
berries. 

The  last  is  a  valid  objection  to  a  crop  of  biennial  sweet 
clover  remaining  in  any  truck  rotation  for  two  yB&rs  in  succession* 
With  proper  management  of  the  sweet  clover,  this  objection  v/ould  not 
©rise.    However,  any  rnanag^ent  practice  to  prevent  self-seeding  would 
involve  labor  at  a  time  yfhen  other  crops  vfould  be  requiring  the  f\xll 
time  of  the  grower  end  consequently,  is  likely  to  be  delayed  too  long 
to  be  effective. 

With  due  consideration  of  these  factors,  a  two-year  rotation 
of  truck-sweet  clover  is  navf  being  recommended,  rather  than  a  four- 
year  rotation  of  truck-truck-sweet  clover-sweet  clover.    About  the 
shortest,  practical  strawberry  rotation,  is  three  years  of  straw- 
berries, follov.ed    by  one  year  of  a  coarse  growing  legume.  Until 
more  is  known  regarding  the  outcome  of  strawberry  rotations,  includ- 
ing sweet  clover,  it  is  best  to  use  soybeans  as  the  legume. 
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ImproTed  rotations  have  been  effective  as  a  soil  conserva- 
tion practice,  by  reducing  the  acreage  of  cleen  tilled  and  semi- 
erosion  resistant  crops.    Also,  the  acreage  of  fall  plomng  has 
been  reduced,  vrith  a  conseajaent  increase  of  winter  cover  provided 

by  crop  residues. 

TJie  details  of  a  good  soil  building  rotation  for  sandy  soil, 
es  well  as  the  beneficial  effects,  are  shown  by  records  of  ir.elon 
and  tomato  yields  on  the  Dominick  Stoffle  farm.    Soil  improving 
crops  in  melon  and  tomato  rotations  increased  yields  and  improved 
the  quality  of  Mr.  Stoffle»s  produce.    Prior  to  1936,  he  had  grown 
truck  crops  annually  for  at  least  10  years  and  yields  were  declin- 
ing.   Mr.  Stoffle  asked  the  Soil  Conservation  Service  to  help  solve 
the  problem  of  wind  and  water  erosion  on  his  sandy  fields.    An  ade- 
quate liming  end  crop  rotation  program  was  prescribed  in  the  complete 
farm  plan  to  increase  soil  fertility,  control  erosion  and  increase 
profitable  production* 

In  1956,  Mr.  Stoffle  m.arled  his  fields  and  started  growing 
a  mixture  of  soj'^beaJis  and  Sudan  grass  in  a  two-year  truck  rotation. 
After  truck  harvest,  he  sowed  rye,  disking  it  into  the  soil  in  late 
May  or  early  June  the  following  year,  preparatory  to  planting  a 
mixture  of  soybeans  and  Sudan  grass.    Then  this  mixture  was  disked 
into  the  soil  in  August,  or  about  60  days  later,  and  rye  wbs  again 
sown  for  over-winter  cover.    The  follovdng  spring,  the  rye  was 
plowed  into  the  soil,  along  with  the  decaying  organic  material 
from  the  previous  soil  improving  crops,  in  preparation  for  another 
truck  crop.    Thus,  a  truck  crop  and  three  soil  iirproving  crops  are 
grown  in  two  j'-ears. 


This  rotation  provides  cover  for  approximately  18  months  out 
of  every  two  years.    It  rives  protection  during  the  months  of  high 
winds  and  improves  the  erosion  resisting  qualities  of  the  soil  vfhen 
the  residues  of  r^^e,  so^rbeens  snd  Sudan  grass  are  incorporated  "vvith 
the  top  layer  of  soil  by  disking  end  plowing. 

Small  farm,  operators  often  douht  whether  they  can  afford  to 
decrease  truck  acreage  in  favor  of  soil  improving  crops.  According 
to  yield  records  kept  by  I'r.  Stoffle,  this  problem  vras  easily  solved 
after  the  first  or  second  year  in  such  a  rotation,  because  the  melon 
and  tomato  quality  im.prcved  and  yields  increased  to  more  than  double 
the  yields  prior  to  the  use  of  this  rotation* 

Conclusions* 

For  general  fanning,  long  rotations  such  as  corn,  small 
grain  and  three  or  four  years  of  en  alfalfa  and  smooth  brome  grass, 
should  be  used. 

For  truck  farming  on  very  light  soils,  a  short  (tvfo-year) 
rotation,  consisting  of  one  year  of  truck  and  one  year  of  soil 
building  crop  (sweet  clover  or  a  mixture  of  soybeans  and  Sudan 
grass)  is  recommended* 

For  strawberries,  a  four-year  rotation,  which  includes 
three  years  of  strawberries,  followed  by  one  year  of  a  mixture 
of  Sudan  grass  and  soybeans,  can  be  used. 
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Stri-D  oroppinp*. 

Strip  cropping;  has  been  used  to  a  limited  extent  on  this 
project*    The  plans  of  consenration  operations  for  19  farms  pro- 
vided for  some  form  of  stripping.    '/Wiile  most  of  this  w?^  contoior 
strip  cropping  to  control  water  erosion,  som.e  of  it  was  field  strip- 
ping to  control  both  wind  and  water  erosion*    Most  of  the  land  on 
which  wind  stripping  was  planned  orif^inally,  has  been  taken  out  of 
regular  rotation  and  is  now  being  kept  in  soil  improvim^,  crops* 

Contour  strips  were  laid  out  under  various  conditions  of 
soil,  slope  and  erosion,  varied  hetvreen  60  to  100  feet  in  width 
and  between  350  and  2,700  feet  in  leneth*    Owing  to  the  small 
size  of  farms  and  fields,  areas  contour  stripped  v/ere  frequently 
worked  into  rotations  with  li^nd  not  stripped.    Also,  due  to  short- 
ness and  irregularity  of  slope,  e  single  contour  strip  sometimes 
appears  alone,  rather  the-n  in  a  series  of  adjoining  fields  (Figure  26). 
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FiP-ure  26.     ^ontour  strip  for'truck  rotation.    Area  in 
alfalfa  too  steep  for  cultivation  to  remain  es  hay 
land.  (Mich-390) 
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In  p;eneral,  contour  strip  croppinp^  was  licited  to  slopes 
of  0  to  7  t)erc°nt«    Occasionally,  however,  snail  areas  of  7  to  12 
percent  slopes  were  stripped* 

This  method  of  checking  erosion  has  not  "been  u.sed  extensively 
enouo-h  on  the  Benton  Harbor  Proiect  to  7rarrant  comnlete  recomnenda- 
tions  under  different  conditions  of  soil,  slope  and  erosion.  Suffi- 
cient observations  have  been  made,  however,  to  su^fest  that  the 
strips  should  not  exceed  80  feet  in  width.    Rilling  has  been  infre- 
quent in  the  cultivated  strips,  even  during  the  heaviest  rains,  end 
siltation  has  seldom  extended  as  much  as  8  or  9  f'^et  into  strips  of 
hay  or  small  g-rain. 

Farmers  who  have  the  post  ex-bens ive  systems  of  contour  strip 
cropping  are  well  satisfied  with  results.    Mr.  Lewis  Bnphrey,  after 
four  years  of  experience,  regretted  the  loss  of  part  of  his  strips 
for  general  farming  when  he  contoi:tr  planted  an  orchard  -there. 

When  his  system  of  contour  strips  was  laid  out,  Mr.  Einerson 
Cryan  remarked:     "It  looks  crazy  to  me,  but  I»m  going  to  try  it." 
Three  years  later,  he  said:     "It  has  done  a  good  ^ob  of  holding  the 
water  and  soil  and  has  given  me  more  available  feed.     I  wouldn*t  go 
back  to  the  old  system.     In  1958,  I  har^e?ted  r-  si--acre  strip  oP 
tom.atoes  without  driving  into  the  field."    This  was  done  by  carrying 
th«=  -f-r.n^oto-'^  +rs  t^o^  o.Ve  of  the  adnoinin_g  m.eadow  strip. 
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Mr.  Mark  Vladic  noticed  that  a  heavy  rain  did  some  damage 
to  his  strip  cropping.    He  observed,  however,  that  it  was  nothing 
in  comparison  to  vdiat  would  have  happened  if  he  had  planted  his 
corn  up  and  down  the  slope,  as  he  had  been  doing*    Asked  about 
cultivating  his  corn  in  crooked  rows,  llr*  "Tladic  replied:  "It 
was  hard  to  get  used  to  at  first,  but  the  more  I  do  it,  the  better 
I  like  it." 

Conclusions. 

Width  of  strips  should  not  exceed  80  feet. 

Width  of  strip  should  vary  v;lth  the  slope  of  the  lend.  As 
the  slopes  increase,  the  proportion  of  close  growing  crops  in  rota- 
tions should  be  increased. 

Contour  cultivation. 

Contour  cultivation  of  cropland  was  confined  primarily  to 
fields  being  contour  strip  cropped  and  was  effective  in  controlling 
soil  erosion  when  used  in  this  way  (Figure  27).    In  a  fevvr  fields, 
contour  cultivation  was  the  only  mechanical  soil  conservation 
practice  attempted. 

The  success  of  ttiis  practice  alone  has  depended  on  a  nuniber 
of  factors.    Itiere  the  fields  were  small,  with  short,  gentle  slopes, 
and  where  cultivation  was  on  the  true  contour,  satisfactory  control 
was  obtained.    However,  where  slopes  were  choppy,  or  contained 
numerous  waterways,  so  that  cultivation  frequently  was  off  contour, 
control  was  not  as  good  as  desired. 
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Fi?rure  27 .    Cantaloupes  planted  for  contour  cultivation. 
Truck  growers  find  "curved  row"  fsming  does 
effective  job  of  erosion  control.  (Mich-331) 
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In  general,  contour  cultivation  has  proved  beneficial  in 
controlling  erosion  and  should  be  recoirmiended,  although  on  broken 
slopes,  small  areas  may  occasionally  occur  T/here  it  v/ill  cause  a 
greater  concentration  of  water  and  consequently,  accelerate  erosion» 
This  can  usually  be  remedied  by  the  use  of  sod  \vaterv<-ays .  Farmers 
are  slow  to  realize  the  importance  of  sod  in  such  places^    They  are 
prone  to  plow  and  cultivate  drainageways.    Much  educational  v/ork  is 
needed  to  foster  the  establishment  and  maintenejace  of  good  sod  water- 
ways and  the  use  of  field  machinery  with  power  lifts  should  be  en- 
couraged» 

Some  cultivation,  described  as  "across  the  major  slope",  has 
been  practiced.    This  has  furnished  some  erosion  control  and  cer- 
tainly is  8,  better  practice  than  "up  ©nd  down  hill"  cultivation* 
The  disadvantages  are  similar  to  those  described  above  for  contour 
cultivation  on  broken  slopes  where  conbours  ©re  not  alvrays  followed. 

Permanent  base  lines  have  not  been  established  in  the  fields 
under  contour  cultivation*    In  a  few  instances,  such  lines  exist 
naturally.     The  continuation  of  i±Le  practice  in  the  futui-e  depends 
on  title  establishment  of  new  field  boundaries  and  base  lines. 

Conclusions ■ 

Contour  cultivation  is  not  entirely  satisfactory  as  en 
erosion  control  measure  on  long  slopes  or  on  choppy  slopes  when 
used  alone,  but  it  is  much  better  than  up  and  down  hill  cultivation. 

It  is  successful  only  on  short,  even  slopes,  where  cultiva- 
tion is  maintained  on  the  contour. 


Cover  crops  on  croplsnd* 

A  tremendous  increipse  in  the  seeding  of  winter  cover  crops 
has  been  tho  outstanding  accop.plishjiien-'-        the  application  of  soil 
conservation  practices  to  cropland  on  this  project  from  the  point 
of  acres  affected.     In  addition,  there  has  been  a  material  increase 
in  vri.nter  cover  furnished  by  crop  residues  due  to  improved  rotations. 
This  cover  has  been  iiiiproved,  in  sorr.e  instances,  through  an  increased 
use  of  legume  seedings,  in  small  grains,  for  green  manure  purposes. 
Much  sicmner  cover  has  been  provided  through  the  grov/ing  of  more 
summ.er  crops  such  as  soj'beans  end  Sudan  grass  for  green  manure. 

Cropping  plans  provided  for  winter  cover  as  vMoh  as  pos- 
sible after  all  oleen  tilled  crops.    With  corn  and  late  truck 
crops,  seeding  of  cover  has  not  alwpys  been  feasible*    The  lerge 
acreage  which  has  been  seeded  has  been  influenced,  no  doubt j  by 
the  considerable  acreage  of  esrly  truck.    Seldom,  is  there  a  good 
reason  for  lan-^  in  ^prly  truck  being  without  adequate  -vegetative 
covering  to  protect  T.t  against  erosion  during  the  following  winter. 

Rye  is  the  common  winter  cover  crop  for  cropl^^nd  on  the 
project.    In  some  instences,  where  fields  are  subject  to  wind 
erosion,  stiminer  crops  for  soil  building  purposes  are  pemitted  to 
stand  over  winter.    This  has  been  recommended  priiiiarily  to  avoid 
the  possibility  of  poor  winter  and  spring  protection  due  to  insuf- 
ficient growth  of  the  fall  seeding  following  a  late  turning  dovm  of 
the  green  manitre  crop.    For  a  similar  reason,  leaving  of  summer 
grasses  and  weeds  for  over-v^inter  cover^  instead  of  disking  them, 
down  and  seeding  a  cover  crop,  has  frequently  been  encouraged 
following  the  harvest  of  Ipte  crops. 


When  early  seedin^is  for  cover  are  possible  and  -where  the 
subsequent  plowing  of  the  cover  crop  would  "be  late  enough  for  con- 
siderable grovv-th  in  the  spring,  the  inclusion  of  a  -v^dnter  legime, 
like  hairy  vetch,  has  been  recoinnended*    This  has  not  been  followed, 
hovj^ever,  to  any  ertcnt* 

Early  ssedings  (late  July  and  August)  of  small  gra5.n  for  winter 
cover  in  195S,  were  almost  entirely  destroyed  by  rust«    Material  dam- 
age occurred  again  in  1939*  ^^nt  not  to  the  degree  it  did  during  the 
previous  year*    Y'lheve  this  occurred,  the  fields  were  practically 
without  cover  during  the  winter  months*    The  inclusion  of  a  printer 
legme  in  the  seeding  on  such  areas  would  have  provided  at  least  a 
fair  ajTiount  of  protection* 

Cover  crop  seed  is  usually  broadcast  and  then  dragged  in 
with  a  spring  tooth  harrow,  or  disked  in*    This  method  is  used 
because  of  a  lack  of  grain  drills  5r  the  fruit  belt*    Where  drills 
have  been  used,  better  stands  have  resulted* 

The  use  of  cover  crops  as  a  soil  conservation  practice  has 
provided  an  amourit  of  protection  against  erosion  by  both  wind  and 
water  that  is  difficult  to  measure*     Their  value  in  retarding  soil 
losses  is  readily  observed  in  the  field*    Vi/hen  fields  supporting 
good  cover  crops  are  compared  to  others  similar  with  respect  to 
soil,  slope  and  erosion,  hut  without  cover,  the  benefits  are  quite 
obvious* 
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Conclusions* 

Truck  land  should  be  seeded  as  early  as  possible  to  a  suit- 
able cover  crop.    Better  stands  mil  be  obtained  if  the  seed  is 
drilled  into  the  ground.    Drilling  should  be  on  the  contoizr  as 
much  as  possible. 

Soybeans  and  Sudan  grass  are  recoBimended  for  summer  cover  on 
areas  affected  by  wind  erosion. 

If  truck  is  harvested  too  late  for  a  cover  crop  to  be  grown, 
weeds  should  be  allowed  to  develop. 

Green  manure  crops. 

Seeding  of  svj-eet  clover  in  small  grain,  of  soybeans  for  soil 
improving  purposes  during  the  summer  and  of  rye  for  winter  cover, 
all  have  been  influential  in  effecting  a  material  increase  in  the 
use  of  green  manure  crops  on  farms  under  cooperative  agreement. 

The  use  of  green  manure  is  closely  associated  with  the  use  of 
cover  crops.    Cover  crops  furnish  considerable  quantities  of 
green  manure  and  green  manure  crops  provide  good  cover.    Both  are 
important  in  m^ny  of  the  improved  rotations  used  on  soil  conserva- 
tion demonstration  farms.    One  of  the  best  examples  of  this  is  the 
two-year  rotation  of  truck- soybeans  used  on  the  lighter  soils.  The 
soybeans  furnish  an  abvindance  of  organic  material  when  plowed  down 
in  the  fall  before  the  plants  are  matured.    A  cover  crop,  usually  rye, 
is  seeded  after  truck  and  is  turned  under  before  the  soybeans  are 
planted.    Another  rye,  or  similar  cover  crop,  is  seeded  after  the 
soybeans  have  been  disked  down  and  this  in  turn  is  plowed  down 
before  the  next  truck  crop  is  planted.    Accordingly,  this  system 
furnishes  three  green  m-anure  crops  in  two  years. 


.  151  - 

Some  objection  might  be  made  to  this  use  of  soybeans^  on  the 
basis  that  they  would  not  make  sufficient  j^ovrbh  on  the  sands  to 
provide  any  worthwhile  amount  of  organic  matter •    This  is  true  on 
infertile  areas*    On  such  areas,  it  would  be  better  to  start  a  soil 
improving  program  by  liming  and  then  seeding  s^veet  clover*    However 3 
where  commercial  fertilizer  has  not  been  used  on  truck  crops,  the 
residual  effect  has  been  sufficient  to  produce  a  good  growth  of  soy- 
beans (Figure  28 )• 

SudeJi  grass  is  sometimes  seeded  with  soybeans.    Such  an 
inclu.sion  is  well  recommerded,  since  it  increases  the  amount  of 
organic  material  for  green  manure.    The  material  produced  by  -this 
mixture  probably  decom.poses  som^ewhat  more  slovfly  than  soybeaas  alone 
end  consequently,  should  have  a  more  lasting  effect,  not  only  from 
the  physical  benefit  it  provides,  but  through  a  more  gradual  re- 
lease of  plant  food  as  well.     Xhe  benefits  derived  in  the  form  of 
increased  crop  yields  following  the  use  of  this  system,  have  been 
noted  under  "Truck  croo  rotations*" 

If  the  lajid  has  been  limed  end  sweet  clover  is  substituted 
for  soybeans,  seeding  may  be  done  in  the  spring  following  truck, 
using  the  rye  as  a  companion  crop.    Some  meaQs  should  be  provided 
to  cover  the  seed,  particularly  on  sandy  soils.    Usually,  light 
disking  will  st^ffice  and  do  little  damage  to  the  rye.    La.ter,  the 
rye  m.ay  be  clipped. 
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Figure  28,  Heevy  grovrfch  of  soj'beans  and  Sudan  rrass 
"bein*?:  -barned  i.mder  for  frreen  mprure  or  soil  "build- 
ing  purposes.  (Mich-6l?) 
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•  ""Vith  this  system,  no  cover  crop  is  seeded  in  the  second  year 
of  the  rotation,  since  the  sweet  clover  s tends  over  mnter  end  fu.r- 
nishes  en  ehtmdance  of  green  manure  the  following  spring*  This 
effects  a  considerable  saving  in  labor  end  seed  costo    It  also 
eliTTinetes  exposure  of  the  soil  to  vrind  erosion  twice  during  the 
second  year  of  the  rotation,  as  is  the  ces^e  where  the  rotation 
truck  (cover )-soybeens  (cover)  is  used* 

Occasionally,  hairy  vetch  is  mixed  with  the  rye  seeded  for 
winter  cover*    If^/here  conditions  are  favor able^  this  mixture  fur- 
nishes an  abundance  of  green  material  to  be  turned  under  in  the 
spring*    On  soils  subject  to  blowing,  and  where  a  soil  improvement 
program  is  being  practiced  and  econom-y  is  desired,  the  mixture 
might  well  be  left  until  seed  is  matured  and  then  disked  down  in- 
such  a  m.anner  as  to  leave  a  trashy  surface.    Volunteer  stands 
from  the  seed  disked  in  would  ftirnish  new  winter  covsr  and  fresh 
organic  material  to  be  turned  dovjn  the  following  spring.  The 
trash  and  cover  crops  combined  would  practically  el5.minate  ex- 
posure to  wind  erosion  during  this  period  of  soil  improvem.ent. 
1/Vhile  this  system  has  not  been  followed  in  detail  on  the  project, 
it  has  been  approached  oloselj^  enough  to  warrant  further  considera- 
tion* 
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,  ConclusionSf. 

Green  mpnure  crops,  as  well  a??  cover  crops,  are  fund ejnental 
ir  <^ooa  rot»tions  to  maintein  soil  fertility • 

The  use  of  a  two-year  rotation  of  tmck  and  a  mixture  of  soy- 
beans end  Sudan  grass  for  a  preen  manure  crop,  supplemented  by  annua 
cover  croDS  of  rye  and  heiry  vetch,  is  reooirmended»    This  provides 
three  green  manure  crops  to  efich  cultivated  crop. 

More  growth  can  he  obtained  ^y  usirig  comnercial  fertili?;er« 

Terraoing» 

The  terracirj^  of  land,  other  than  the.t  in  orchards,  was  con- 
fined to  foiir  jobs  in  the  project  area.    Inasmuch  as  two  of  these 
are  in  r-erenriel  hay  or  pasture  land,  little  information  regerding 
this  type  of  +-'^rrocing  he.s  be'^n  p-athered.    The  use  of  terraces  on 
hay  or  pasture  land  has  been  satisfactory  to  date  end  it  is  be- 
lieved that  they  will  eid  in  the  re-esteblishing  0:^"  vegetation  on 
these  sites  whenever  reseedii^g  becone  s  necessary.     !Ihey  have  also 
benefitted  the  vegetation  by  conserving  moisture. 

Inasmuch  as  the  terraces  on  other  than  orchard  land  were 
built  during  the  early  days  of  the  project,  the  absorptive  t^rpe 
cross-section  was  used.    The  same  difficulty  as  reported  under 
"Terracing  in  orchard  land"  v/as  experienced  in  obtaining  the  proper 
cross-sectional  area  on  the  sandier  soils.    One  of  these  early  ter- 
race p  w^s  so  badly  sectioned  and  had  such  an  excessive  grade,  that 
it  was  necessary  to  rebuild  it.     In  the  rebuilding  process,  the 
drainage  type  cross-section  was  used  and  the  grade  wgs  reduced  to 
O.i^-  percent.    The  proper  cross-section  w^.s  easily  obtained  and  the 
terrace  has  functioned  satisfactorily  to  date. 
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One  terrace  system,  located  on  Nappanee  soil,  is  noteworthy 
because  thi?  soil  is  easily  puddled  if  worked  vrhen  wet  and  the  suh- 
soil  is  supposedly  unproductive.     Thes*^  terraces  vrere  built  in  mid- 
summer, however,  so  that  no  puddling  would  occur  and  since  the  field 
was  "Sadly  eroded,  m.uch  subsoil  was  exposed.    By  using  lO-6-.li  ferti- 
lizer, at  the  rate  of  3OO  pounds  per  sere,  a  good  stand  of  Sudan 
o-rppis  was  established  during*  the  same  vearo    Caution  should  be 
exercised  whenever  this  soil  type  i^^  terracedi, 

The  only  system  located  on  cropland  was  on  Coloma  loeiay 
sand,  low  in  orc'anic  m.atter.    This  system,  consisted  of  tvro  terraces 
which  traveled  around  the  inside  of  a  pothole  or  pit  having  an  area 
of  approximB.tely  5  acres.    The  field  has  been  u.sed  for  truck  con- 
tinuously, with  a  winter  cover  crop  of  rye  end.  votch  being;  sov.ti 
annuall^^.    .Although  the  truck  was  planted  and  worked  parallel  to 
the  terrecesj  the  rain  of  June  21,  19?9*  with  an  intensity  of  5«1 
inches  per  hour,  caused  th:»  lower  terrace  channel  to  become  approxi- 
mately half  filled  with  sand.    It  was  cleaned  out  successfully  by 
using  a  V-drag  and  slip  scraper.    The  spacing  of  the  terraces  was 
as  recommended  for  the  Vorth  Central  States  (12 )  for  the  ";iven  slope, 
but  it  is  believed  now  that  9  closer  spacing  would  have  helped  con- 
siderably. 

Conclusions. 

Drainage  or  channel  type  terraces  are  believed  to  be  the  best 
su5.ted  to  cropland  in  the  area. 

Maximum,  grade  for  cropland  terraces  should  not  exceed  O.lt. 
percent. 

>^appanee  soil  shoul'^  not  be  terraced  when  there  is  any  danger 
of  puddling. 
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In  general,  the  same  methods  were  used  in  design  and  construe 
tion  and  to  establish  •^e^e^'ation  as  were  nf?'=»'^        orchard  terrf»ce 
outlets*    Inasmuch  e.s  terracing  on  other  than  orchard  land  vms  con- 
fined to  a  few  jobs,  little  information  has  been  gathered  regarding 
these  outlets*    Larger  drainage  areas  were  encountered  than  'v^.th 
orchard  terraces  and  consequently,  run-off  was  diverted  oijtt  of  the 
channel  In  some  oases  and  carried  temporarily  along  •'■he  outlet 
until  a  seeding  was  established*    In  other  cases,  where  this  could 
not  be  done,  the  outlet  was  sodded  solid  and  the  sod  fastened  dovm 
"by  using  old  cattle  fencing  and  wooden  stakes*  .  Two  outlets  were 
bui?,t  by  using  both  vegetative  and  structural  control*    VVith  the 
improved  methods  of  establishing  vegetation,  i-^  ^  ?  ■''':"'"'-tful  whether 
the  mechanical  structures  would  be  used  if  the  jobs  were  repeated. 

Other  problems,  such  as  m^aintenajice,  are  the  same  as  for 
orchard  terrace  outlets » 

Conclusior's* 

Wiere  possible,  nntlets  should  be  established  prior  to  the 
terracing  program* 

<^-f— -.Ta.ter  should  be  diver-f-ed  temporarily  from  the  outlet, 
if  possible,  until  seeding s  are  established. 

Where  sodding  is  used  to  establish  a  vegetative  cover,  it 
should  b.e  fastened  dovm  by  used  fencing  material. 

MeehaJ^.ical  structures  should  be  used  only  where  vegetation 
cannot  t.^  satisfactorily  established  or  maintained* 


-  l?7  - 

Diversion  ohannels» 

Eecf*iT3'='  of  the  Trrefnlnr       ')'oe*^  ^vd  the  hujnj^ocT-y  '^orditiops 
whioh  exist  in  the  project  area,  a  sinp^Xe  diversion  ohanrel,  used 
in  connection  with  strip  cropping  on  medium  length  slopes,  is 
efficient  aid  in  controlling  erosion.    ViThere  irregular  slopes  and 
hujniDOcky  conditions  occijir,  the  length  of  slope  is  usually  not  great, 
but  terracing  and  contour  strip  oropoing  can  be  '^^^t  '.nto  effect  only 
wjth  great  difficulty*    A  diversion  channel  may  be  located  in  a  mea- 
doT/  strip  and  al"*"hough  the  channel  itself  may  be  extremely  irregular^ 
the  edges  of  the  meadow  strip  may  be  made  to  follow  the  channel  so 
that  curves  are  more  roijinded. 

The  best  expjiple  of  this  type  of  Mse  of  a  diversion  channel 
is  on  the  i^nna  Weber  farm  in  Bainbridge  Tovmship.    This  diversion 
channel  (Figure  2Q)  is  in  &  meadow  strip  approximately  i|0  feet  wide 
end  is  located  at  the  point  where  the  slope  of  the  field  changes 
abruptly  from  li  percent  to  12  percent.    The  length  of  slope  is 
such  that  one  ?trip  is  located  above  the  l{.0-foot  meadow  strip  in 
which  the  diversion  channel  is  located  and  tvj-o  contour  strips  are 
located  below  the  channel.    The  average  width  of  these  strips  is 
approxirpately  65  feet. 

Asked  which  practices  had  worked  best  on  her  farm, 
?1rs.  Weber  pointed  to  the  diversion  channel  and  said;    "That  terrace 
hes  helped  mdre  than  an;irthinr," 

Inasm.uch  as  the  soil  on  the  Weber  farm  is  ssndy  ©nd  subject 
to  wind  erosion,  the  ridge  of  this  diversion  channel  was  planted  to 
a  pine  '"ri.ndbrealc* 
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Figure  29«    Diversion  channel  in  mef^doYi  strip  used  near 
the  top  of  the  slope  in  a  contour  strip  cropping  system* 
(Mich4L96) 
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The  design  of  diversion  chsnnels  on  cropland  has  "been  for 
a  constant  velocity  hy  using  a  uniform  cross-section  and  a  variable 
grade,     The  velocities  designed  for  are  the  seme  e.s  were  given  for 
orchard  land«    I'Vhere  diversion  channels  heve  been  used  to  divert 
run-off  water  from  gullj'-  heads,  the  control  of  soil  erosion  in  the 
watershed  above  is  important,  especially  on  the  sandier  soils, 
because  of  the  severe  sandirg  of  the  channel* 

Maintenance  of  diversions^  on  Ipnd  other  than  orchard  land, 
has  been  similar  to  the  maintenance  of  orchard  diversion  chennels 
and  the  same  recommendations  apply» 

Conclusions* 

Diversion  channels  are  best  used  in  a  meado'w  strip  near  the 
t©p  of  a  slope,  in  connection  with  strip  cropping  on  medium  length, 
irregular  slopes* 

Watershed  control  by  vegetation  is  necessary  if  the  diversion 
is  located  dovm  the  slope  as  a  diversion  for  a  gully  head* 
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Gully  control* 

"The  s?r.6  methods  end  seed  mixtures  nsed  ou  orcherd  Ip.nd  were 
used  in  establishing  vegetation  on  drainageweys  on  other  land. 

Because  of  the  difference  in  land  values  "between  orchard  Isjnd 
end  other  land,  the  use  and  t^qpe  of  structures  were  governed  by  l?nd 
values*    For  this  reason,  more  temporary  str\:>.ctures  rrere  used  on 
other  land* 

The  first  gully  control  work  done  on  the  project  area  in  the 
fall  of  1935,  was  in  e  gully  which  existed  on  a  fern  in  Eenton  Town- 
ship (Figure  30)»    The  gully  had  formed  during  a  cloudburst  in  the 
suinner  of  193U«    At  the  tiire  work  vms  started,  ■'t  wpf  15  feet  deep 
end  SO  feet  long. 

Because  a  funnel-shaped  gully  was  formed  in  an  east-west  di- 
rects on,  vrith  the  larger  end  fac5.ng  the  west,  the  prevailing  south- 
vrest  winds  were  compressed  in  passing  through  the  g^ally,  making  them 
most  erosive.    As  a  result,  both  wind  and  we.ter  erosion  were  pctive 
in  the  seme  gully. 

To  control  both  types  of  erosion,  temporary''  dam.s  were  built 
of  posts,  poles  and  brush  and  the  gully  banks  were  sodded  in  strips 
zo  that  the  strips  formed  k-foot  sc'-'-^res.    The  sod  was  laid  in  this 
m-anner  to  control  both  the  wind  erosion  up  the  gully  and  the  water 
erosion  down  the  gully  banks,  as  shown  in  Figure  51»    The  gully 
itself  was  planted  to  black  locust  and  fenced  out.    The  success 
of  this  t^'T^e  of  control  is  shown  in  Figure  32,  taken  18  m.onths 
after  control  measures  were  put  into  effect. 
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Fis^re  Same  ^ully  as  shovm  ir»  Figures  ^1  and  32» 

Picture  was  tal^en  before  control  vrork  was  stprted  end 
shows  t^e  result  of  one  cloudburst  on  9.  small  watershed 
of  Plainfield  loany  sand.    The  ^T-^.lly  was  also  effected 
by  wind  erosion.  (l!ich-6) 
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Figure  31.    Sod  strips  used  to  control  both  wind  end  vrater 
erosion,    Scd  strips  across  th.e  bottoin  of  o-ully  ere  pertly 
buried.    Temporary  header  dam  of  posts,  poles  and  bmsh  v/as 
used.     The  ?ully  was  reforested  %vith  black  locust.  (Mich-75) 
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Figure  32.    Same  gully  as  shown  in  Figure  30,  taken  18 
months  later.    Note  fence  in  the  foreground  -which  was 
used  to  fence  out  gully.  (Mich-6A) 
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The  most  promising;  ^'J}^^  of  tanporery  structure  v.sed  vms 
the  sod  dejn#    This  d©m  was  constructed  by  placing  poultry  netting 
and  lO-^gage  ^alvenized  mre  behind  6-inch  posts  set  on  2-foot 
centers*    Sod  was  pieced  face  out  behind  the  poultry  netting.  The 
height  of  these  dams  vj-as  not. over  18  inches©    A  weir  notch  of  suit- 
able size  and  a  sod  apron  were  provided  by  holding  the  sod  in  piece 
with  poultry  netting  end  vrooden  stakes •    This  type  of  dam  is  shovm 
in  Figure  33 « 

Observation  of  these  dsms  revealed  that  they  held  up  well 
during  a  rain  which  occurred  the  winter  follomng  their  instella- 
tion»    As  the  particiilar  dems  noted  on  this  survey  faced  north, 
they  remained  frozen  during  the  rain*    This,  no  doubt,  helped 
considerablv* 
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picture  53 »    T^.porery  sod  dw.  built  by  facim  sod  out 
ag&inst  poultry  netting  ■v?hich  is  reinforced  by  10- 
gage  smooth  wire,  (Mich.-83) 
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Durin?;  193^*         drop  inlet  flmnes  were  constructed  by 
usin^  old  spra^r  drums  which  were  fastened  together  to  form  the 
flime  part  of  the  structure.    A  concrete  drop  inlet  was  built 
at  the  toD  of  the  flmes  and  a  stilling  basin  was  built  at  the 
bottom*    Both  ends  of  the  spray  dnyns  were  cut  out*  one  edge  of 
the  drum  was  crinkled  similar  to  stove  pipe  so  that  the  drum.s 
could  be  fitted  together.    They  were  bolted  in  place  and  the 
joints  filled  with  plastic  asphalt.    The  drtims  received  two  coats 
of  an  asphalt  base  paint  inside  and  cut  before  thej"-  were  installed* 

The  reinforced  concrete  catch  basin  at  the  top,  together 
with  two  diversion  channels,  were  used  to  lead  the  run-off  water 
around  the  active  heads  of  gullies  into  the  spray  drum,  flume* 
The  stilling  basin  of  reirjforced  concrete  at  liie  lower  end  was 
built  so  that  the  discharge  frcm  the  spray  drum  flme  could  cause 
no  further  dajnage.    The  drum^s  themselves  were  covered  with  dirt 
and  the  gully  wias  reforested  vrith  black  locust* 

This  type  of  structure  was  used  because  the  land  value  pro- 
tected vjas  not  high  enough  to  vmrrrnt  the  installation  of  a  more 
perm-anent  structi^re.     The  life  of  the  spray  drum.s,  under  the  con- 
ditions given,  is  not  known,  but  it  is  believed  that  maintenance 
will  not  be  difficult  or  costly. 

The  cost  of  this  type  of  structure,  including  the  concrete 
catch  basin  and  stilling  basin,  vras  per  lineal  foot  of  flume* 

The  methods  used  in  construction  of  the  flume  are  shown  in  Figures 
3h  and  35* 
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Figure  5U»    Spray  drum  flume  used  to  carry  storm  vfater 
doirn  deep  gully  in  Plainfield  loamy  saud»    A  conorete 
catch  basin  was  used  at  t>ie  top  ead  and  a  stilling 
basin  similar  to  the  one  shosra  in  Figure  22  at  the 
lower  end»  (Mich-32i4.) 
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Figure  55 •    Same  flume  as  shcfvm  in  Fie;iire  3U»    The  ends 
of  the  sprey  drujr.s  were  cut  out  and  on©  edge  crinkled 
similar  -^c  stove  pipe  so  the  drums  oould  be  fitted  to- 
gether.    The  drums  wore  bolted  together  and  the  joints 
filled  with  plastic  roof  cement,     (l.^ich-325 ) 
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Conclusions^ 

Sod  strips  have  provided  satisfactory  erosion  control  for 
sand  rullies  homing  small  watersheds  and  where  yrind  erosion  was  a 
factor.    It  is  "believed,  however ^  that  as  good  control  could  have 
been  obtained  more  economically  by  seeding  and  mulching,  with  the 
mulching  material  held  in  place  by  used  cattle  fencing. 

Sod  dams  have  worked  satisfactorily  as  temporary  struc- 
tures for  watersheds  up  to  5  acres  in  area©    Their  use  should  be 
limited  to  the  sandier  soils  where  vra.ter  conservation  is  needed 
to  support  a  luxuriant  sod  cover. 

Spray  drums  have  been  used  successfully  to  conduct  storm 
water.    Their  econom.ic  value  will  depend  upon  the  amount  of  main- 
tenance needed.    Ho  information  on  the  amou.nt  of  maintenance  is 
available  at  this  date.    It  is  recommended  that  spray  drums  be 
used  only  on  the  sandier  soils  where  the  corrosive  action  of 
ground  water  is  at  a  minimum. 

Mulching, 

Mulching,  as  described  here,  will  cover  its  use  as  exi  aid 
in  establishing  seedings  on  critically  eroded  areas  in  orchards 
and  fields* 

In  most  instances,  it  is  difficult,  if  not  impossible,  to 
establish  vegetative  cover  on  badly  eroded  sites  with  ths  usual 
methods  of  liming,  fertilizing  end  seeding.     In  addition  to  the 
usual  methods,  a  thin  layer  of  mulch  should  be  provided.    One  area 
treated  in  this  m^enner  was  in  a  mature  apple  orchard  on  Hillsdale 
sandy  loam,  with  slopes  ranging  from  1  to  18  percent  and  having 
severe  sheet  erosion.    Some  areas  hs.d  occasional  or  frequent  gullies. 
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Marl  was  applied  at  the  rate  of  U  cubic  yards  per  acre 
during  late  winter*    During  the  week  of  April  20,  1937 *  ^  good 
seedbed  was  prepared  by  disking  and  harrowing*    Scarified  white 
sweet  clover  v:as  then  broadcast  at  12  pounds  per  acre,  with  a 
bushel  of  oets  per  acre.    Part  of  the  seed  was  harrcvred  and  part 
of  it  lightly  disked  into  the  ground*    Two  hundred  pnd  fifty  (250) 
pounds  of  10-6-U  fertilizer  per  acre  were  applied  at  the  time  of 
seeding*    A  medim  coarse  mulch,  ranging  from  12  to  20  inches  in 
lengthy  was  applied  to  part  of  the  orchard,  at  the  rate  of  approxi- 
mately 5  tons  per  acre,  immediately  after  seeding.    The  mulch  was 
applied  by  hand,  being  spread  in  a  thin  layer  over  the  entire  sur- 
face (Figure  36)* 

The  1937  growing  season  was  wet,  17»72  inches  of  rain  falling 
during  the  5-'i^^^-"th  period  from,  ^^ay  1  to  October  1*    Much  of  this  pre- 
cipitation came  in  rains  of  high  intensity.    Measurements  taken  on 
Jvxie  16  showed  that  the  oats  on  the  unmulched  area  ranged  from 
U  to  9  inches  high,  while  those  on  the  m.ulched  area  ranged  from 
12  to  20  inches  high.    There  was  a  corresponding  difference  in  the 
sweet  clover* 

In  September,  the  plants  were  counted  and  their  height 
measured*    Six  random  samples  were  taken  from  areas  containing  I69 
square  inches  each,  three  from  each  area.    The  unmulched  area 
sampled  was  wi.thin  50  ^eet  of  the  mulched  area.    The  data  shown 
in  Table  1  were  obtained* 
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.Figure  36.    A  thin  layer  of  mulch  applied  after  lining, 
fertilizing  and  seeding.    This  has  proved  successful 
for  estehlishmert  of  vegetation  on  critically  eroded 
)  areas,     (Mich-268 ) 
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Percent  sf^e 
of 
Slope 

Nijm'ber  of 
Plants  Per 
Un:.t  Area 

Feiq'ht  Rsn^re 
in 
Inches 

Mulched 

3 

12 

9-12 

.VJ 

p 

o 

15 

11 

10  -  15 

Uamulched 

5 

2 

2*-  1+ 

5 

3 

h-6 

3 

5 

i-6 

Table  1«    Effect  of  mulch  on  sweet  clover  seeding 
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A  mulched  strip  ^0  feet  frorn  the  top  of  b  li]  percent  slope 
caught  and  held  muoh  of  the  soil  which  washed  from  the  unmulohed 
area  above^  deposition  measuring;  2  inches  in  some  places.  Soil 
from  rills  (1  to  U  inches  deep)  formed  in  the  unmulched  eres,  was 
dissipated  in  the  mulched  sTea.     There  was  little  evidence  of  sheet 
erosion  where  mulch  h?5d  "been  nsed  (Figure  37) 

Soils  with  sandy  clay  or  clay  subsoil,  which  are  devoid  of 
topsoil,  tend  to  bake  or  develop  a  hard,  relatively  impervious  sur- 
face, which  will  not  absorb  water  readilj?-.    .Any  m.aterial  on  the 
surface  that  will  tend  to  hold  the  rainfall  lone  enough  to  allow 
penetration  into  the  soil,  will  be  of  great  benefit.     It  is  evident 
from  these  trials  that  mulch  used  in  this  manner  causes  a  greater 
amount  of  water  to  penetrate  into  the  soil,  minimizes  evaporation 
losses  ejid  prevents  seed  from  being  washed  down  the  slope,  thus 
making  the  differer.ce  between  seeding  failure  sp.d  success. 

Concl>isions« 

Mulch,  at  the  rate  of  apprcTimately  h  tons  per  sere,  should 
be  used  to  establish  seedings  on  badly  eroded  sites,  especially  on 
the  heavier  soil  types. 

The  use  of  light  mulch  in  establishing  a  seeding  may  mean 
the  difference  between  success  end  failure. 


-Figure  57.    !:ulch  applied  in  e.  thin  layer  after  liming, 
fertilizing  and  seeding  to  sweet  o lover,  meant  the 
difference  hetv/een  success  (background)  and  failure 
(foreground)  in  this  critically  eroded  orchard. 
(Mich-5U8) 
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Pa  s  1 1  ir  Q ' imnr  o vement • 

Pasture  acreage  figures  are  low  for  the  farms  cooperetlng 
on  this  project*    Much  of  the  land  in  the  area  is  unfenced  and 
numerous  farms  have  no  pasture  or  livestock.    A  few  heve  only  one 
or  tvro  head  of  livestock  and  these  are  pastured  chiefly  by  tethering 
along  the  roadsides  and  field  houndarie'^ •    ?Vequentlyj  the  areas 
pastured  are  low  and  wet» 

Tlative  pasture  is  principally  Canada  and  Kentucky  "bluegrasses* 
IfThite  clover  and  in  some  instances,  low  hop  clover,  have  appeared 
quite  ehundantly  along  vrith  these  grasses,  vjhen  seasonal  conditions 
have  been  particularly  favorable  to  the  grovrth  of  clovers. 

The  bluegrasses  usually  become  dormant  soon  after  the  m5.ddle 
of  June  and  remain  in  that  condition  until  about  the  first  of  Sep- 
tember.   The  autumn  of  1959  "wsis  drouthy  and  these  grasses  gave 
little  fall  pastLire  until  late  in  October  of  thpt  year. 

Pasture  improvement  has  been  mpde  principally  through  the 
use  of  a  mixture  of  alfalfa  and  smooth  brome  grass,  as  recommended 
by  the  Agricultural  Experiment  Station^  Michigan  State  College* 
Seeding  of  this  mixture  for  pasture  shortly  after  the  project 
started  subsequently  proved  so  satisfactory  that  the  m.ixture  has 
almost  become  the  standard  recommendation  for  upland  pastures  here. 

The  principles  of  this  pasture  seeding  are  shown  in  the 
experience  of  D^lvin  Porst,  a  cooper ^t or.    He  reported  that  alfalfa 
ajnd  -sm.ooth  brome  grass  furnished  more  pasture  than  9ny  other  .o-rass 
or  grass  mixture  he  ever  he.d  used.    His  ?  acres  of  hillside  pasture, 
established  in  1937 j  carried  nine  cows  from  May  10  to  SeTDtem.ber  1. 
This  was  more  oasturage  than  his  old  bluegrass  pastures  had  produced. 
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To  avoid  exposinp;  ths  ■v^'hole  hills5.de  to  '.Tashin.^  at  one  time, 
it  W9S  divided  into  two  approxi^niatel^/  eqn.el  areas  end  seeded  at 
different  times.    Potation  grazing  vtp.s  praotioed. 

Sone  of  the  low,  wet  sTeas  have  "been  improved  as  pasture  "by 
seeding  "Reed  canary  grass.    Y'/here  good  seedbeds    had  been  prepared^ 
excellent  sterds  i^ere  obtained  fron  spring  and  suinmer  seedircrs. 
Seeding  on  poor  seedbeds,  or  with  no  seedbed  preparation,  has  been 
unsatisfactory. 

So  that  new  stands  of  this  grass  will  survive  the  first 
winter  after  seeding  on  the  peaty  mucks  in  this  area,  it  is  impor- 
tent  that  a  good  root  grovrfch  ''-"=>  ^pd»=  during  the  first  season.  A 
good  top  groATth  left  over  winter  appears  to  afford  considerable 
protection  from  heeving*    To  encourage  both  a  good  root  ?Jid  top 
gro^vth,  no  grazing  should  be  permitted  until  the  plants  become 
well  established,  preferably  not  until  the  second  yoar«  Well 
estsblished  stpnds  heve  I'^urrished  an  abundance  of  summer  forage* 

Little  emergency  pasture  has  been  provided,  although  one  or 
t?/"©  cooperators  ere  using  Sudan  grass  each  yesT* 

Where  commerci?!  f ertil^  7Prs  vrere  used  on  bluegrrss  pastur<=s, 
no  evidence  of  eny  benefit  has  been  apparent,  except  following 
applications  of  nitrogen* 

Conolnsions* 

An  alfalfa  and  smooth  brome  grass  mixture  is  recommended 
for  upland  pastures* 

To  obtain  good  Peed  canary  grass  stands  on  wet  areas,  it 
is  recommended  that  a  good  seedbed  be  prepared  end  that  no  grazing 
should  be  permitted  until  the  second  year. 
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Improved  hayland< 

The  percentap;e  of  farm  land  "bein^  used  for  hay  productiorij 
before  agreement,  on  farms  cjooperatinp;  with  this  projectj  was  low 
when  compared  either  to  a  similar  percent ao*e  for  the  cov.nty  or  to 
a  60  fprm  ssunple  taken  in  the  project  area»    Most  of  the  hayland 
p;rew  alfalfa,  "but  a  little  clover  and  mirced  hay  were  ^rovm  as  well, 

Under  cooperative  agreement,  the  acreage  u.sed  for  h?y  was 
practically  doubled.    The  increase  ims  due  partly  to  im.proved 
rotations  including:;  more  pi-<^nlfp^  hut  we^  "h>-^-;irT-'h+-  ov^n-f;  chiefly 
by  the  transfer  of  considerable  c^^ople.nd  to  meadow.     This  transfer 
in  land  use  wes  mede  to  -nrovide  a  protective  cover  on  slopes  which 
vrere  subjected  to  considerable  erosion  when  used  for  cultivated 
crops  (Figure  58)* 

Most  of  the  nevr  seedinf    ^'^--^re  alfalfa,  or  the  mixture  of 
smooth  brome  grass  and  alfalfa  described  under  "Pasture  improve- 
ment,"   This  mixture,  containing  a  sod-forming  grassj  effects 
better  erosion  control  then  does  alfalfa  alone.    Som.e  clover ^  ejnd 
in  e  few  instances ji  complex  mixtures,  were  seeded.    On  one  farm., 
p^^ri  op^pvy  grass  is  being  us^d  for  hay.     It  has  .^j.rnished  a  good 
yield  per  acre  and  according  to  the  farm  operator,  cows  ate  the 
cured  hay  in  preference  to  pasture. 

Since  a  considerable  acreage  of  land  transferred  to  m.eadow 
had  a  low  fertility  level,  the  application  of  liberal  amounts  of 
fertilizer  was  encouraged  with  all  seedings.    Frequently,  the 
fertilizer  was  furnished  by  the  government  to  insure  a  good  eover. 
Hecommendations  by  the  Agricultural  Experinjent  Station,  Michigan 
State  College,  vrere  followed  as  to  kinds  and  am.ou_nts  to  apply. 
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Figure  58 •    Steep  slope  seeded  for  hay  production.  "When 
used  for  olean  cultivated  orops,  slopes  of  this  kind  are 
susceptible  to  severe  erosion.    For  proper  land  use,  they 
should  be  protected  by  a  good  vegetative  cover.  (Mich-lliOA) 
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The  use  of  need'^c'  quaD.t5.ties  of  liming  materials  some 
months  prior  to  the  seeding  of  alfalfa  has  "been  insisted  iapon« 
A  disoijssion  concerning  the  use  of  lime  on  the  project  sppeprs 
elsewhere  in  this  report. 

Although  all  haylend  is  r.ot  on  slopes  requiring  continuous 
cover  for  erosion  control^  where  good  meedovf  seedings  have  "been 
obtained  -for  this  purpose,  soil  wash  h^s  >>«en  stopned  effectively. 
The  judicious  use  of  fertilizer  and  lirre  vrith  good  seedbed  prepara- 
tion has,  no  doubt,  been  import&nt       ■^"^■^ 'ngirig  this  about  by  provid' 
Ing  a  high  percentage  of  successful  seedings* 

C  one    s  ions » 

A  mixture  of  alfalfa  and  smooth  broirie  grass  affords  good 
erosion  control  on  slopes  that  should  be  used  for  perennial  meadowa 

On  badly  eroded  land-^j  '^ppvier  applicf5tion<=5  of  fertil  * -^'-^r 
should  be  made  in  establishin*?;  seeding* 

•Recommendations  by  the  MichigaJi  State  College  for  seed  rptes 
and  fertilizer  end  seedbed  pr^^pprations  shouV  be  follovred# 

Excess  hay  may  be  used  for  mulch  in  orchards. 
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Woodland 

Forestry  and  land  use» 

Indiscriminate  clearing  of  all  land,  in  favor  of  agriculture, 
may  lead,  eventually,  to  such  serious  erosion  that  the  land  becomes 
unsuitable  for  cultivation.    On  this  basis,  it  was  evident  that  much 
land  in  the  project  area  should  be  either  reforested  or  maintained 
in  the  woodland  cover  already  existing* 

Both  the  soil  type  and  the  steepness  of  slope  are  factors 
determining  the  erodibility  of  a  site*    Consequently,  the  combina- 
tion of  certain  soil  types  -vvith  certain  slopes,  indicated  the  areas 
to  be  maintained  in  woodland  cover  for  the  prevention  of  erosion 
(Figure  39)» 

In  general,  on  slopes  exceeding  25  percent,  the  soil  can 
best  be  held  in  place  over  a  long  period  by  woodland  cover.  Under 
good  systems  of  management,  slopes  of  25  percent  or  less  can  b© 
successfully  controlled  by  grass  cover. 

It  is  estitaated  that  there  are  about  2,000  acres  of  native 
woods  within  the  project  area.    Of  this,  about  36O  acres  consist 
of  steep  slopes  which,  for  good  land  use,  should  be  maintained  in 
forest.    In  addition,  there  are  approximately  75O  acres  which 
should  be  reforested  to  place  other  steep  land  in  its  proper  use 
(Figure  i+O). 
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Figure  59»    Indiscriminate  cutting  has  resulted  in  the 
removal  of  nearly  all  tiie  desirable  trees.    This  ravine 
needs  a  good  protective  woodland  cover.  (Mich-I|.5) 
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Figure  I|.0»  Proper  manageenent  of  this  woodland  has  helped 
provide  maximum  yields  and  a  continuous  crop  which  will 
protect  this  steep  slope  from  erosion.  (Mich-252) 
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Reforestation  for  land  reclamation  purposes « 

"Wherever  erosion  has  depleted  the  productivity  of  soil  to  an 
extent  that  the  areas  affected  are  not  suited  for  agriculture,  the 
land  in  general  should  be  reclaimed  by  reforestation.  Reforesta- 
tion, as  a  reclamation  measure,  constitutes  a  corrective  action, 
while  reforestation  as  a  land  use  measure,  should  be  considered  a 
preventive  action*    The  steepness  of  slopes,  although  important, 
does  not  play  a  prominent  role  in  the  determination  of  areas  on 
which  forest  plantations  are  needed  as  corrective  land  use  measures. 
The  reason  for  this  is  that  the  improper  use  of  land  in  the  past  has 
induced,  in  many  instances,  erosion  conditions  requiring  at  present 
land  reclamation  on  potential  agricultural  land.    The  kind  to  be  re- 
claimed consists  of  some  areas  affected  by  severe  sheet  erosion,  in 
conjunction  with  slight  gully  erosion,  as  well  as  areas  affected  by 
severe  gullying  and  the  various  tj'pes  of  severe  wind  erosion. 

The  1935  analysis  of  certain  economic  and  physical  factors 
relating  to  the  Benton  Harbor  Project  indicates  that  about  20  per- 
cent of  the  project  area,  or  about  7*000  acres  of  Isuid,  are  affected 
by  erosion  which  is  severe  enough  to  make  the  land  virtually  use- 
less for  agriculture.    From  a  reclamation  standpoint,  125  acres 
were  reforested.    This  is  1.8  percent  of  the  land  area  under  co- 
operative agreement  (Figure  Ul)» 
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Figure  Ul*    ^  steep  slope  reforested  Y/ith  a  mixture  of 
red  pine,  Scotoh  pine  and  Norway  spruce,  to  reclaim 
eroded  land  and  protect  adjoining  valuable  fruit  land. 
(Mioh-6l6  ) 
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liYindbreaks . 

During  the  spring  months  especially,  when  much  of  the  soil 
is  without  a  protective  cover  of  vegetation,  strong  winds  cause  a 
large  amount  of  erosion*    This  is  particularly  true  in  the  northern 
area  of  the  project,  where  soils  are  predominantly  sandy. 

Windbreaks,  as  a  means  of  controlling  some  of  this  erosion, 
have  been  little  used.    Old  hedge  fences  of  Osage  orange  have 
served  to  a  certain  extent  as  windbreaks,  but  most  of  them  have 
been  removed. 

In  working  out  plans  for  soil  conservation  practices  on 
farms  under  cooperative  agreement,  effort  was  made  to  include  wind- 
breaks as  much  as  possible.    As  a  result,  more  than  12  percent  of 
all  farms  signed  now  have  windbreaks  started.    In  all,  about  U  miles 
of  windbreaks  have  been  planted  on  l6  farms* 

The  width  of  a  strip  of  land  protected  by  a  windbreak  is 
equivalent  to  about  15  times  the  height  of  tiie  windbreak.  Therefore 
h  miles  of  established  windbreaks,  upon  reaching  a  height  of  60  feet 
should  protect  aboub  UOO  acres  of  land« 

No  cultivation  has  been  recomoiended,  other  "than  hoeing  out 
weeds  and  sprouts  about  the  young  trees.    In  some  places,  where 
blowing  sand  is  likely  to  bury  or  uncover  the  small  trees  if  they 
are  unprotected,  the  natural  vegetation  of  grasses  and  weeds  makes 
cover  that  is  highly  desirable.    The  use  of  large  transplants 
eliminates  most  of  the  competition  from  these  plants* 
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Direct  returns  from  timber* 

Because  landowners  in  the  project  have  thought  returns  from 
timber  were  low  in  comparison  with  the  returns  from  fruit  and  other 
agricultural  products,  they  have  given  little  attention  to  woodland 
management* 

In  connection  with  the  marketing  and  raising  of  fruit,  how- 
ever, various  wooden  containers,  as  well  as  posts  and  props,  are 
needed*    Eeoords  available  from  the  Benton  Harbor  fruit  market  show 
that  the  number  of  bushel  baskets  alone  used  in  connection  with 
marketing  of  peaches,  apples  and  pears,  amounts  on  the  average  to 
about  5*  100 #000  yearly*    It  is  estima.ted  that  the  nianiber  of  baskets 
used  to  market  the  horticultural  crops  produced  vfithin  the  project 
area  is  equivalent  to  about  353*100  pieces*    Baskets  are  sold  for 
about  15  cents  each,  consequently,  the  value  of  baskets  used  on  the 
project  is  about  153*000  yearly* 

Records  kept  on  71  f firms  under  cooperative  agreement  show 
that  on  these  units,  there  are  about  26,000  fence  and  approximately 
66,000  vineyard  posts  in  use*    Furthermore,  about  l4.,900  posts  of 
both  types  are  necessary  for  yearly  replacements.    Since  local 
sources  of  post  timber  are  almost  exhausted,  prosperous  farmers 
use  shipped-in  posts,  consisting  of  either  white  cedar  or  steel* 
Less  prosperous  landovmers  use  almost  any  available  tinker*  Be- 
cause of  this,  the  post  maintenance  cost  on  the  lovr  income  farms 
is  relatively  high  (Figure  1^2)* 
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Figure  I|2«    Black  locust  planted  on  eroded  hillside* 
This  is  a  future  source  of  many  durable  fence  posts. 
(Mioh-359A) 
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It  may  "be  argued  that  the  wooden  posts  are  being  replaced  by 
steel  posts*  because  of  cheapness  and  t he  higher  durability  of  the 
latter.    Information  available  shows,  however,  that  the  most  expen- 
sive wooden  posts  (white  cedar)  are  cheaper  than  steel  posts.  The 
durability  of  cedar  posts  is  about  the  same  as  that  of  steel  posts. 

The  average  local  price  of  cedar  posts  is  about  25  cents 
each,  while  the  cheapest  kind  of  suitable  steel  posts  are  30  cents 
each,  not  including  the  freight.    The  25-cent  cedar  posts  last  from 
20  to  25  years  and  if  inverted,  8  to  10  years  will  be  added  to  their 
life.     The  average  life  of  steel  posts  is  likewise  about  20  to  25 
years. 

Hence,  if  available,  good  wooden  posts  should  be  readily 
marketable.    Black  locust  posts,  because  of  their  durability, 
should  find  a  ready  sale» 

If  records  taken  on  ihe  Jl  farms  constitute  a  representa- 
tive sampling,  then  the  yearly  replacement  needs  of  posts  will  be 
about  60,600  pieces  on  the  878  farms  of  the  project  area.  The 
value  of  the  corresponding  number  of  white  cedar  posts  is  about 
115, 150. 
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The  conclusion  reached  from  the  above  facts  is,  that  in 
addition  to  home  use,  some  revenue  can  be  derived  from  woodlands  in 
connection  with  the  horticultural  activities  in  the  area.    The  calcu- 
lated amounts  of  timber  products  should  be  considered  indicative,  but 
not  conclusive.    Information  concerning  the  yearly  consumption  of 
crates  and  pint  and  quart  boxes  needed  in  marketing  of  small  fruits 
and  truck  farming  products  was  not  available.    Likewise,  the  number 
of  props  used  in  various  orchards  is  not  know  and,  therefore,  the 
yearly  amount  of  these  products  needed  could  not  be  determined. 

l!he  timber  requirements  for  posts  and  baskets,  calculating 
that  50  posts  are  equivalent  to  a  cord  of  wood  and  65O  feet  (board 
measure)  of  lumber  are  needed  for  1,000  bushel  baskets,  are  as 
follows : 

Posts  606,000  Feet  B.  M. 

Baskets  230,000      »  tt 

Total         836,000  Feet  B.  M. 
This  total  amount  represents  approximately  1,672  cords  of 
wood  and  can  be  raised  yearly  at  present  on  5*3^4-  acres  of  mature 
woodland.    C-roTrth  data  indicate  that,  actually,  the  grorrbh  of  timber 
is  taking  place  at  the  yearly  rate  of  0»3  cords  per  acre.  Poten- 
tially, however,  the  same  data  show  the  production  of  timber  can  be 
doubled  to  reach  one  cord  of  wood  per  acre,  provided  the  woodlands 
are  stocked  with  proper  varieties  and  properly  managed.    The  area 
needed  to  produce  the  836,000  feet  B,  M.  of  lumber  would  be  reduced, 
under  good  management,  to  1,672  acres • 
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If  the  2,000  acres  of  timber  in  -the  project  area  were  given 
the  best  management  and  care,  it  would  supply  the  post  and  basket 
demand.    This  leaves  fuelwood,  saw  log  timber  and  other  wood  pro- 
ducts to  be  gro-v¥n  on  additional  land* 

Multiple  use  peculiar  to  forest  vegetation* 

In  addition  to  the  benefits  available  from  the  forests  al- 
ready described,  there  are  other  values  intiuiately  connected  with 
the  existence  of  woodlands.    Forest  provides  cover  and  a  certain 
amount  of  food  for  wildlife*    On  areas  devoted  to  farming  where 
most  of  the  food  needed  by  game  is  readily  available  on  agricul- 
tural fields,  the  value  of  forest  as  a  shelter  for  game  is  par- 
ticularly important.    Wildlife  in  woodland  is  not  disturbed 
greatly  by  the  various  field  operations  which  are  necessary  on 
agricultural  land* 

The  esthetic  value  of  forests,  although  hard  to  evaluate, 
adds  considerably  to  the  attractiveness  of  the  landscape.  This 
quality  of  the  landscape  is  rather  important  in  Berrien  County, 
which  serves  as  one  of  the  principal  gateways  to  Michigan's  vast 
tourist  resources* 

Direct  seeding* 

Direct  seeding  was  done  to  a  limited  extent,  with  red  oak, 
walnut  and  tulip  poplar*  Germination  and  survival  of  the  red  oak 
and  walnut  have  not  been  satisfactory,  because  of  rodent  damage. 
In  nearly  all  of  the  tulip  poplar  seedings,  the  survival  has  been 
highly  satisfactory,  few  counts  having  shorn  less  than  75  percent 
survival. 
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Site  preparation* 

In  field  planting,  shalloiv  furrows  at  regular  intervals  on 
the  contour  proved  desirable •    The  furrows  should  be  spaced  the 
distance  apart  it  is  planned  to  have  the  tree  rows©    This  type  of 
preparation  makes  a  strip  approxiinately  2  feet  wide,  in  which  there 
is  little  competition  from  grass  and  weeds. 

A  depth  of  3  to  U  inches  is  considered  sufficient  in  plowing 
an  ordinary  sod»  The  trees  may  then  be  planted  in  the  bottom,  or 
along  the  edge  of  the  furrovfs.  On  the  well  drained  soils  in  the 
project,  planting  in  the  bottom  of  the  furrow  has  given  good  re- 
sults* On  poorly  drained  soils,  planting  along  the  edge  is  pre- 
ferred, because  it  keeps  the  tree  out  of  water  which  may  concen- 
trate in  the  contour  furrows. 

On  areas  lAfliere  it  is  not  feasible  to  use  furrows,  sites 
were  prepared  by  scalping  a  fairly  large  spot  for  each  tree. 
This  syst^n  is  usually  more  expensive  than  furrows  and  may  require 
more  hand  labor  to  prevent  excessive  weed  grovrbh. 

Ssndj  areas  subject  to  blowing  were  mulched  before  or  soon 
after  planting,  to  stabilize  the  soil  until  the  trees  become  large 
enough  to  prevent  soil  movement*    Such  areas  were  usually  small* 
Prunings  from  fruit  trees  or  grape  vines  were  found  to  furnish 
sufficient  protection  when  spread  evenly  over  the  ground  (Figure  U3)« 
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Figure  U3»    Brush  mulch  used  on  "blow  sand"  protects 
the  soil  and  young  seedlings  during  establisliment 
of  the  plantation.  (Mich-296) 
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Survival  of  plantings • 

Survival  counts  made  on  21  farms  Tshich  comprise  9U  acres  of 
the  total  forest  tree  plantings  indicate  that  2-2  transplants  (2 
years  in  seedbed,  2  years  in  lineout  bed)  have  given  iiie  best  re- 
sults •    Counts  made  on  2-0  stock  showed  only  53  percent  survival, 
while  2-1  stock  averaged  7^  percent,  and  2-2  stock  averaged  82  per- 
cent survival*    These  records  Yiere  computed  for  red  pine,  Scotch 
pine  and  Norway  spruce* 

In  the  spring  of  193^*  two  sandy  areas  which  were  rapidly 
becoming  "blow-outs"  were  planted  to  U-ysar  old  transplants  of  red 
pine*    Despite  the  dry  sumjcier  which  followed,  80  percent  of  the  trees 
survived,  indicating  that  red  pine  is  a  highly  desirable  species  to 
use  on  such  locations  (Figure  hh)» 

Counts  made  on  the  survival  of  black  locust  show  wide  varia- 
tion according  to  soil  type*    Plantings  on  light  sand  or  "blovf-outs" 
have  not  produced  more  than  a  30  'to  UO  percent  stand,  while  survival 
on  the  heavier  soils  has  averaged  about  85  percent*    I.iany  of  those 
trees  which  did  survive  on  the  sandy  areas  have  not  produced  satis- 
factory grovrbh  and  have  been  damaged  extensively  by         locust  borer* 

Species  planted* 

Various  species  of  trees  and  shrubs  were  used  on  the  project 
for  reforestation  and  wildlife  planting*    The  ages  and  number  of  each 
species  used  are  shown  in  Table  5  in  the  appendix* 
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Figure  Red  pine  have  done  well  on  areas  subject 

to  severe  wind  erosion.  (Mioh-91A) 
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Conclusions* 

Generally  sps  aking,  land  having  over  a  25  percent  slope  should 
be  maintained  in  woodland. 

Land  -which  has  been  destroyed  by  erosion  for  agricultural  pur- 
poses should  be  reforested* 

Ihe  use  of  windbreaks  should  be  encouraged  on  areas  susceptible 
to  wind  erosion.    Large  transplants  should  be  used  for  this  purpose. 

In  a  horticultural  area  where  there  is  demand  for  baskets, 
boxes,  posts  and  other  wood  products,  the  amount  of  woodland  needed 
to  produce  the  required  timber,  under  the  present  system  of  manage- 
ment, is  approximately  three  times  the  area  now  in  forest  land. 

Sha.llow  contoup  furrows  are  recomraended  as  a  good  site  pre- 
paration practice.    On  well  drained  soils,  the  trees  may  be  planted 
in  the  bottom  of  the  furrow,  but  on  the  heavier  soils,  the  trees 
should  be  planted  along  the  upper  edge  of  the  furrow. 

Scalping  has  proved  as  successful,  but  not  as  economical, 
as  contour  furrowing. 

Fruit  tree  prunings  may  be  economically  used  in  brushing 
"blow"  areas  to  be  reforested. 

Black  locust  has  made  the  best  survival  and  growth  on  the 
heavier  soils.    Red  pine  has  made  the  best  survival  and  growth  on 
the  sandier  areas  and  blow-outs. 

The  survival  of  2-2  red  pine  stock  was  30  percent  over  that 
for  2-0  stock. 

Woodland  management. 

A  woodland  management  plan,  giving  recommendations  for  a 
typical  farm  woodland,  is  included  in  the  appendix. 
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Wildlife 

The  project  has  never  had  the  services  of  a  biologist  and 
consequently,  wildlife  work  has  not  "been  a  major  activity.    In  an 
area  of  such  a  high  population  and  intensive  cultivation,  the 
opportunity  for  extensive  wildlife  work  is  lirdted*  Nevertheless, 
in  forestry  end  woodland  management  planning,  consideration  of 
wildlife  v/as  given,  particularly  with  resjieot  to  cover* 

During  the  severe  winter  of  1935-193^*  ©  nujiiber  of  feeding 
stations  were  established  in  cooperation  v/ith  tlie  Berrien  County 
Sportsmans  Club.    Some  feeding  was  continued  by  the  project  forester 
in  1937*  1958  and  1939* 
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lAMD  USE 

The  area  designated  for  the  pro^ject  consists  largely  of  soils 
which  have  been  farnied  intensively  for  many  years.    Consequently,  the 
holdings  are  usually  small  and  nearly  all  the  land  must  be  fanned  un- 
der such  circumstances.    Even  though  some  portions  of  a  holding  are 
poorly  adapted  to  fruit  and  truck  production,  "they  are  so  utilized 
if  there  is  any  possibility  of  a  successful  harvest,  since  oidier 
crops  will  return  so  little.    It  is,  consequently,  difficult  to 
persuade  these  growers  to  accept  a  land -use  program  which  will  re- 
move from  cultivation,  any  considerable  percentage  of  their  marginal 
land.    It  should  be  mentioned  in  this  connection,  that  the  favorable 
marketing  conditions  existing  here  raise  many  soils  form  the  sub- 
marginal  to  the  marginal  and  from  the  marginal  to  the  supermarginal. 
Hence,  many  farms  which  would  be  retired  from  cultivation  if  more 
distant  from  markets,  ere  retained  in  production  here* 

Despite  the  difficulties  involved  in  securing  the  application 
of  sound  land-use  under  the  peculiar  circumstances  existing  on  this 
project  erea,  the  basic  pleji  for  land  use  must  provide  that  crops  be 
grown  on  those  sites  to  which  •tiiey  are  best  adapted.    If  tliis  is  not 
done,  crops  will  be  grown  or  marginal,  or  even  submarginal  sites, 
with  attendant  evils  of  lew  production,  high  cost  and  soil  destruction* 
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The  best  land  use  must  necessarily  include  other  considera- 
tions:    soil  type,  slope  and  present  condition  of  erosion,  whenever 
fruit  crops  are  to  be  introduced  or  continued  on  any  particular  site; 
the  relative  frostiness  of  the  site;  the  possibility  of  the  occurrence 
of  destructive  low  winter  temperature;  the  relative  earliness  of  the 
harvest  and  probably  marketing  conditions  are  all  involved  in  reaching 
a  recommendation.    Thus,  the  best  utilization  of  any  specified  soil 
typo,  with  any  given  slope  and  erosion  factors  (except  perhaps  the 
steepest  slopes  and  the  most  badly  eroded  soils)  depends  on  its  geo- 
graphical location  in  the  area,  the  topography  of  the  surrounding 
land,  marketing  conditions  which  vary  from  year  to  year,  and  the 
extent  of  the  particular  holding.    These  factors  cannot  be  super- 
imposed on  a  table  of  recommendations  without  listing  an  excessive 
number  of  treatments  for  each  crop  and  soil  division.  Nevertheless, 
in  maJiy  instances,  these  factors  must  dominate  the  soil  characteris- 
tics in  reaching  a  sound  conclusion  for  the  utilization  of  any 
particular  site. 

No  such  table  will  be  presented  here,  since  "land  use** 
recommendations,  as  outlined  in  the  project  work  plan,  ma.y  be  used 
without  serious  objection  until  land  use  capability  classes  and  recom- 
mendations have  been  prepared. 
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SPECIAL  STLTDI3S 

In  applying  soil  sonservation  practices  to  land  on  the  project, 
there*  arose  a  number  of  problems  ivhich  were  not  wholly  solved  through 
existing  experimental  data.    From  necessity,  therefore,  certain  special 
studies  were  instigated.    Y^herever  possible,  they  were  made  in  coopera- 
tion with  other  public  agencies,  particularly  Michigan  State  College* 

These  studies,  among  others,  dealt  with  such  subjeci^  as:  the 
influence  of  continuous  vegetation  on  insect  problems  in  orchards; 
the  influence  of  erosion  control  practices  on  farm  income;  tJ-ie 
comparative  value  of  certain  practices  in  controlling  run-off  and 
soil  losses;  the  effect  of  erosion  on  fruit  yields;  the  improvement 
or  development  of  certain  equipment  for  erosion  control;  and  the  com- 
parison of  various  material  for  mulchiog  purposes. 

Owing  to  the  limited  tine  since  the  inception  of  the  studies, 
the  restricted  facilities  of  the  project  and  the  fact  that  each  has 
been  reported  individually,  these  studies  are  not  included  in  detail 
in  this  report© 
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SUMVIARY 

The  Benton  Harbor  Project  of  the  Soil  Conservation  Service 
was  established  during  1935  in  southwestern  Michigan,  where  the 
climatic  influence  of  Lake  Michigan  has  made  fruit  production  the 
chief  agricultural  enterprise.    It  consists  of  two  areas  which 
were  selected  to  include  a  variety  of  soils,  types  of  farming  and 
erosion  conditions*    Severe  erosion  by  both  wind  and  water  is  pre- 
sent. 

The  purpose  of  the  project  was  to  develop  and  demonstrate 
methods  of  controlling  erosion  and  conserving  both  soil  and  mois- 
ture in  "the  project,  which  was  regarded  as  representative  of  some 
3*3  million  acres  in  the  Lak©  Shore  fruit  belt» 

To  develop  a  program  of  work,  preliminary  economic  and  re- 
connaissance conservation  surveys  were  made.    Later,  to  facilitate 
execution  of  the  prograca,  the  economic  survey  was  enlarged  and  the 
conservation  survey  made  in  detail* 

In  developing  the  work  plan,  recommendations  for  proper  land 
use  were  given  first  importance. 

Since  the  chief  use  of  land  on  the  project  is  for  fruit  pro- 
duction, the  establishment  and  observations  of  erosion  control 
practices  have  been  primarily  in  connection  with  orchard  lands. 
Nevertheless,  cropland,  meadows,  pastures  and  woodland  have  not 
been  neglected* 
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Both  vegetative  and  meohanical  means  of  establishing  erosion 
control  have  been  utilized*    On  fruit  lands,  these  have  included  the 
use  of  complete  sod,  sod  and  mulch,  modified  sod,  alternate  middles 
in  sod,  sod  buffer  strips  in  the  tree  rows,  cover  crops,  terraces, 
diversion  channels,  contour  planting  and  windbreaks^  as  well  as  the 
provision  for  terrace  outlets,  various  methods  for  gully  control, 
and  special  types  of  cultivation*    Observations  of  the  methods  in 
use  indicate  that  all  have  practical  applications*    Owing  to  the 
possibility  of  competition  with  the  trees,  however,  vegetative 
methods  should  be  modified  to  meet  the  specific  conditions  encoun- 
tered*   For  obvious  reasons,  certain  mechanical  methods  for  erosion 
control  are  not  always  applicable  to  orchards  already  established  and 
consequently,  vegetative  methods  must  be  relied  upon  to  a  greater  ex- 
tent in  such  orchards* 

On  land  not  in  orchards  or  woods,  soil  and  water  conservation 
have  been  effected  by  better  vegetative  cover  resulting  from  an  in- 
creased use  of  fertilizer  and  liming  materials,  improved  crop  rota- 
tions, more  green  manure  crops,  larger  acreages  of  cover  crops,  pas- 
ture improvement  and  better  meadow  seedings*    Strip  cropping  and 
contour  cultivation  have  also  been  effective*    In  addition,  terraces 
and  diversion  channels  with  proper  outlets  have  been  constructed  and 
gullies  have  been  stabilized*    In  general,  on  cropland  ,  vegetative 
methods  have  been  relied  upon  more  than  mechanical  measures* 
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Improved  management  practices  have  "been  applied  to  existing 
woodlands.    Numerous  eroded  sites,  no  longer  suitable  for  agri- 
cultural use,  have  been  reclaimed  by  reforestation.  Reforestation 
of  such  sites  is  an  important  step  in  furthering  the  project  land 
use  program.    More  woodland  is  justified,  also,  to  supply  Ixmber 
for  the  manufacture  of  many  wood  products  utilized  locally. 

In  preparing  cooperative  agreements,  coaplete  farm  plans 
shovring  good  land  use  have  been  emphasized.    Future  farm  planning 
will  be  aided  materially  by  the  use  of  land  capability  tables  and 
recommendations  after  these  have  been  worked  out. 

It  is  well  to  emphasize  the  importance  of  fitting  the  physi- 
cal measures  of  erosion  control  into  ihe  farm  plan  in  such  a  manner 
as  to  enable  the  feirmer  to  obtain  a  livelihood  for  his  family.  In 
short,  the  economic  problem  is  equally  as  important  as  the  conserva- 
tion of  soil  and  water  tlirough  physical  measures. 

The  real  test  of  farm  planning  for  soil  conservation  is  the 
manner  in  which  the  plans  work  out  in  actual  practice.    A  typical 
cooperative  agreonent  from  ttiis  project  (A-Mich-lsc-50     Lewis  M. 
and  Mildred  Iftnphrey)  is  cited  to  bear  out  this  observation.  This 
farm  gives  a  representative  picture  of  the  way  various  erosion 
control  practices  can  be  combined  to  make  a  complete  farm  plan.  It 
also  shows  the  relative  ease  of  establishing  control  measures  on  gene- 
ral farming  land,  as  compared  to  the  gradual,  long  time  process  of  re- 
arranging fields  which  are  in  perennial  horticultural  crops.    This  farm 
plan,  like  many  others,  has  beai  improved  annually  to  include  more  and 
better  methods  of  erosion  control.    The  essential- features  of  the 
IMphrey  plan  are  shown  in  Figures  I4.5  and  U6  and  the  cropping  plan  imme- 
diately following  these  illustrations. 


f 


93 


\ 


\ 


6  ^ 


0 


€ 


4 


C HOPPING  ?UJ>J 

UNIT  Mldhsl  FAEiA  NO.  B-S-Y  ___SKEET  xIO. 

OTjrl-Zil  Lewis  M«  IMphrey   TElTMT  


w 

'  'f?-!  o  1  rl 

JL  t;  X  LL 

1  Q  ^^In 

"IQ  '^^^ 

J- 7 -3^ 

1 

5.1 

Apples 

Apples 

Apples 

Apples 

Apples 

2 

2«^f? 

Truck 

Truck 

Peaches 

Peaches 

Pes.ches 

Peaches 

3  • 

1»2 

Truck 

Corn 

Alfalfa 

Alfalfa 

Alfalfa 

Alfalfa 

li- 

Pasture 

Pasture 

Pasture 

Pasture 

Pasture 

Pasture 

5— 

3»X 

Pasture 

Pasture 

Pastujre 

Pasture 

Peaches 

Peaches 

1*3 

Pp-StvOT^ 

Pasture 

Pasture 

Pasture 

Pasture 

Pasture 

7 

2o5 

Farmstead 

Farmstead 

FexmsteaQ 

Farmstead 

Farmstead 

Farmstead 

8 

0»6 

Pasture 

Pasture 

Pastiure 

Pasture 

pasture 

Cherries 

1«D 

Rasp- 
berries 

Rasp- 
berries 

Rasp- 
berries 

Rasp- 
berries 

Rasp- 
berries 

Rasp- 
berries 

10 

3-5 

Peaches 

Peaches 

Peaches 

Peaches 

Peaches 

Peaches 

11 

o  n 

All  alia 

Com 

Oats 

A  JLI  e  — r.roEi( 

1  iixx  •— jcromt 

ji±x  »— £rome 

12 

2o5 

Alfalfa 

Corn 

Oats 

Clover 

Clover 

Peaches 
AppJs  s 

o  r" 

2«5 

r'e  aches 

Peaches 

Peaches 

Peaches 

Peaches 

Peaches 

li^ 

£:.»1 

jrastn^re 

jrasT/Ure 

jrasT-ure 

jr<a,sx>ur  e 

i^sT/Ui  e 

IP 

All  all  a 

All  3-11  a 

All  alia 

^% 

uorn 

uaT3S 

All  ©— Jerome 

16 

lo3 

Alfalfa 

Corn 

Oats 

Alfalfa 

All air a 

Peaches, 
Apple  s,Pe8-rs 

17 

1.6 

Alfalfa 

Alfalfa 

Alfalfa 

Corn 

Soybeans 

Oats 

18 

Alf  al-Ps 

Alfa If© 

Corn 

Soybeans 

Oats 

Clover 

o  1. 

All  all  a 

All  all  a 

All  an  a 

UaT3S 

oxover 

i.U 

Corn 

Oats 

Corn 

Alfalfa 

Alfalfa 

Cherries 

21 

2.1 

Corn 

Corn 

Corn 

Truck 

Cherries 

Cherries 

— ^Vi  1  ,  — 
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CONCLUSIONS  AND  RECOMMENDATIONS 

During  the  life  of  the  project,  numerous  observations  and 
conclusions  were  made  concerning  the  methods  used  to  prevent  soil 
losses  and  conserve  moistiire.    Final  conclusions  concerning  many 
of  the  practices  cannot  be  dravm  until  more  time  has  elapsed  and 
more  observations  made*    Hh.is  is  particularly  true  concerning  those 
applied  on  fruit  lands*    Nevertheless,  insofar  as  is  possible  at  the 
end  of  the  fifth  year  of  project  operation,  conclusions  and  recom.- 
mendations  have  been  recorded  herein.    They  have  been  placed  imme- 
diately following  the  various  subjects  analyzed  and  described*  For 
ready  reference  to  these  subjects,  the  reader  is  referred  to  the 
complete  table  of  contents  appearing  at  the  beginning  of  this  mono- 
graph* 


[00 


O'J 


-»  207 


APPE1€)IX 


Literature  Cited 


)    Cook,  H,  L« 

1935«    Diagrams  for  Use  in  Hydraulic*    Design  of  Erosion 
Control  Measures*    February  Conference,  Soil  Con- 
servation Service  and  £•  C«  W,  Qigineers,  U.  S.  D.  A«, 
SCS  -  EP  -  6,  Vol.  II,  pp.  76  -  82. 

)    Dawson,  F.  M.,  and  Kessler,  L,  H. 

Wisconsin  Agricultural  Exp.  Sta.^  Tech.  Eul.  122 

)    Ellison,  W.  D. 

193^»    Engineering  Practices  and  Standard  Plans  for  E.  C«  W. 
Erosion  Control  Camps  -  SCS  -  EP  -  12 

)    Gaston,  H«  P. 

1927*    Why  a  Cull  Apple  is  a  Cull»    Michigan  Experiment  St a.. 
Special  Bulletin  I60,  pp.  1. 

)    Hickok,  R.  B. 

Unpublished  Data. 

)    King,  H.  L. 

1929.    Hejidbook  of  Hydraulics.    University  of  Michigan. 

)    Loughridge,  R#  H« 

1897-98©    California  Agricultural  Experiirient  Station  Report, 
pp.  82,  9I4.,  93,  96. 

)    Ramser,  C.  E. 

1933 •    Brief  Instructions  on  Methods  of  Gully  Control. 

)    Ramser,  C.  E. 

1931*    Farm  Terracing,  U.  S.  D.  A,  Farmers  Bulletin  No.  l669o 

)    Reber,  L.  Eenj. 

The  History  of  St.  Joseph.    The  Morris  Printing  Co., 
St.  Joseph,  Michigan. 

)    Ryerson,  G.  E« 

1935«    Terrace  Outlets  -  Instructions  for  liinnesota  and 
Wisconsin.    Tables  by  R.  S.  Calkins,  Nov.  193ij-« 


c  »         »  '• 


5-  -> 


•  5.  ■!,  e. 


»        ♦  t. 


»        «  < 


208 


Shermen,  G»  L» 

Terracing  Guide  Chert.    Drawn  by  G»  L«  Sherman  for 
Region  III,  1935*  adapted  from  Terracing  Guide  Chart 
"by  C«  G»  Kinsman. 

Wright,  K«  Tmt  end  O'Brien,  W.  R. 

1957*    Cost  of  Producing  Apples  in  Berrien  Coimty,  Michigan 
Experiment  Station,  Special  Bulletin  286,  pp»  10« 


Yarnell,  David  L» 

Rainfall  Intensity  -  Frequency  Data»  U,  S.  D.  A, 
Miscellaneous  Publication  No*  20l}.« 


« 


FHYS ICAL  ACCOMPLISHMM TS 


Schedule  #1 


Cxirrent  Dates    March  1,  I9U0   

Date  First  A^^reeiaent  Signed t  May  27^  19^6 
Total  Period  Covered i      3  9 


yrs< 


Mos» 


Region! 


J  ^States  Michigan     Project r  Mich-1»  Benton  Harbor  j  Benton  Harbor»  Mich» 

Noo  Name  Headquarters 


Column  No.      (l)      (2)       (3)       ih)  (3) 


(7) 


Item 
No# 
(1) 


DEGREE  OF  iROGRAM  ESTABLISBMEIJT 


No« 

a/ 
/" 

Acreage 

7° 

Total  Project  Area  Requiring 
Soil  Conservation  Treatment 

2 

100 

36,215 

O) 

Total  Farms  &  Ranches  in 

Project 

Area 

878 

100 

36,215 

1  on 

(h) 

Cooperative  Ao;reements  Signed 

131 

li4*9 

7,150 

1Q*7 
j-y*  I 

(5) 

Cooperative  A-p;reements  in  Force 

122 

15»9 

6,6U5 

16.3 

(6) 

Coordinated  Prograta  Established 

128 

lii-6 

6,976 

19.3 

(7) 

Farms  &H9.nches  l^Vhere  Post-Agreement 
Cooperation  May  be  Expected. 

96 

75 

5#232 

75 

(8) 

LAND  CONVERSIONS 

(9) 

AFTER  AC-REEi-iaJT  (ACTUAL  1939) 

(10) 

BEFORE  AGREEMENT 

Crop 
land 

Pasture 

or 
Range 

Perma- 
nent 
Hay 

Wood*. 

land  Wild- 
life 

Orchard 
-  Vine- 
yard 

other 
land 

(n) 

Cropland  2176 

li;58 

90 

196 

17 

V; 

1 

(12) 

Pastia'e  or  Range  885 

63 

6ho 

2 

177 

3 

(13) 

Permanent  Hay  162 

"  6 

98 

1 

35 

(lit) 

Woodland  &  Wildlife  365 

1 

372 

12 

(15) 

Orchard  <fc  Vineyard  29^9 

"  l5^ 

30 

52 

12 

2689 

10 

(16) 

Other  Land  I1.O9 

all. 

17 

25 

37 

32 

27U 

(17) 

Acres  in  Agreement  6976 

783 

373 

616 

3185 

285 

(18) 

Net  Changes 

-102 

/211 

/231 

/226 

-12i|. 

(19) 


SUMMARY  OF  ACCOMPLISHlvIENTS 


(20)  Total  Project  Area  Requiring 

(21)  Soil  Conservstion  Treatment 

(22)  TOTAL 


C 
NC 


Potential 
Acreage 


"6g76 
29,239 


(23)    Acreage  in  Project  Not  Requiring 

Soil  Conservation  Treatment 
(2I4.)    TOTAL  GROSS  ACREAGE  OF  PROJECT 


C  &  NC  36,215 


36,215 


Actual 
Acreage 
6,976 


%  Accomplish" 


1,053 


8,029 


ment 


100 

~3i^ 


22.2 


r 


r 

.  I 


r 
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Schedule  #1 


DEGREE  OF  PRACTICE  ESTABLISIBIEIIT 


coLim  110,  (1) 

(2) 

(5) 

(U) 

(5) 

Poten- 

% Ac- 

^^I'fcem 

Unit 

tial 

Actual 

compli  sh- 

Amount 

Amount 

ment 

n 

Acres 

li09 

382 

93 

(1) 

ill  V 

(2) 

n 

297 

217 

75 

n 

Miles 

kB 

100 

(5) 

II 

ih) 

c 

As ♦Prot« 

196 

196 

100 

NC 

—  •  V 

(5) 

c 

Acres 

3Ij1+0 

100 

— fr-  ■  ■ 

c 

If 

(6) 

NC 

ft 

H 

1186 

1186 

100 

(7) 

'KTC 

n 

n 

n 

(8) 

Tin 

H 

(9) 

fl 

lii5li. 

100 

A TTni^mT'A "R n "f" n "I" T  r^tic; 
•nujj^    V  c u.  n.^  wci  t>x <Jiio 

"NT- 

H  ■ 

(10) 

It 

33 

J  J 

100 

H 

(11) 

n 

  -ir  •  ■ 

iia 

3h 

67 

T\rc 

n 

Number 

(12) 

s:  SIX  Hi  X  yjsjfJL  o 

Xll  V 

-■  ■  ■  ■ 

n 

As.Ft.Stor* 

(13) 

"Pr*  n  «5 

X^CXXiU.  X^Va'lXU.O 

Tin 

n     »i  II 

—  -     — — ~ 

flit) 

c 

Acres 

 —-^^ 

Controlled  Grazing 

NC 

"■  ■1!  ■ 

c 

 ~  iF"'^  — 

^18^ 

"~lob 

Limed 

ft 

 ' — — 

(16) 

c 

rt 

— —  — 

Springs  &  Wells  Developed 

NC 

C 

 n — 

(17) 

Water  Spreading 

NC 

 IT 

000—000 

(18) 

Kew  Permanent  Hay 

c 

M 

285 

221 

78 

NC 

 w.  -  ■  ■ ..  . 

(19) 

000—000  Q 

n 

Yfildlife  Areas 

NC 

« 

C 

« 

197 

197 

100 

(20) 

Nevf  Woodlands 

NC 

(21) 

C 

n 

6 

6 

100 

Windbreak  Plantinrs 

II                 1       I    1  1 

NC 

If 

(22) 

C 

■     "1*  - 

^isr 

100 

Woodland  Protected 

NC 

IT 

I 
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Schedule  /fl 


DEGREE  OF  PRACTICE  ESTABLISBVIENT  (CONT'D.) 


COLIM  NO.  fl) 

(2) 

(3) 

(U) 

(5) 

lTo# 

— . — — 

Unit 

Poten- 
tial 
Amount 

Actual 
Amount 

^Ac- 
complish- 
ment 

c 

Acres 

(25) 

Annual  Ditch  Systeras  * 

m 

II 

(2il.) 

c 

'  tf  ■  

100 

Mulched 

m 

ft 

— *  -   -  -  — 

(25) 

000—000 

0 

Lin  .Ft* 

819l± 

819li 

100 

Diversions 

NC 

-■■If  ■ 

(26) 

Nev/  Fences  Built  to  Aid 

c 

Rods 

226U 

226i; 

100 

In  Erosion  Control 

NC 

-n — 

(27) 

Fences  Relocated  to  Aid 

c 

 '0^1'  ' 

100 

in  Erosion  Control 

NC 

(28) 

c 

Lin«F-h» 

Streambank  Protection 

NC 

ir  ■  -  ■  ■ 

c 

Rods 

..... 

100 

(29) 

Roadsides  Trented 

NC 

■■fr  

(30) 

c 

Nunher 

1760 

1760 

100 

Gullv  structures 

NC 

■■n  ■ " 

c 

■  ■  II'  ■ 

k 

I, 

100 

(31) 

Outlet  Structures 

NC 

— n  

C 

"W"  ■  ■ 

(32) 

Streambarik:  Structures 

NC 

C 

Acres 

(35) 

Improved  Irrigation  Methods 

NC 

(3U) 

C 

Number 

1 

1 

100 

Roadside  Structures 

NC 

If-  

(35 
(36 

(37 
(38 
(39 


RESULTS  OF  PRACTICES 


Acres  Taken  out  of  Cultivation 

C 

Acres 

ii28 

k2Q 

100 

NC 

n 

C 

kll 

h09 

87 

Decreased  in  Clean  Tilled  Crops 

NC 

Tl 

C 

■  '  ■  «■ 

I73I; 

llt.99 

 '"■■  ■86""  ■ 

CroT)  Land  Winter  Protected* 

NC 

C 

(Animal 

50 

50 

100 

Stock  Reduction  on  Range  Lands 

NC 

Units) 

*  Figures  for  latest  year  only« 

c  s 

Coope rater 

NC 


Non-o  coper at or 
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SCHEDULE 
NO.  5 

REPORT  ON  UmT  COSTS 
For  Fiscal  Year  Ending  June  50*  1958 


Region:    5      Stater  Michigan 

Proieot? 

1 

Benton 

Earbor 

Benton  Harbor 

Name 

Headquarters 

Col-'juon  No,  (l) 

(2) 

(3) 

(5) 

(6) 

(7) 

(8) 

(9) 

IteiTi 

Unit 

No, 

w  9 

Quentity 

Percent 

Co  at 

Actual 

Est'd, 

Upon  "Which  Contributed 

Cost 

IMit 

(1) 

Itoit  Cost 

Total 

>  per 

Cost  to 

Unit 

is  Based 

Cost 

Coop*r 

Gov't 

SerVi 

►  Unit 

Operator 

(2) 

LAND  USE  TREATMENT 

l\ 

Cultivated 

Acres 

223 

12216 

88 

12 

1  9.93 

1  9.00 

Pasture 

n 

99 

hoh 

89 

11 

Ii^08 

3#80 

(5) 

Permanent  Hay 

It 

76 

695 

60 

ho 

9.13 

8.50 

(6) 

Range 

ft 

(7) 

Woodland 

n 

21 

I9U 

3 

97 

9.21^ 

7.00 

(8) 

Orchard  &  Vineyd, 

5132 

71 

29 

11,61 

10.50 

(9) 

Other  Land 

tt 

(10) 

Total  Acreage 

Treated 

ft 

861 

86I1I 

62 

38 

10,03 

8,96 

(11) 

PRACTICES 

(12) 

Plans 

Acres 

1763 

2012 

100 

I,l4 

1.00 

tt 

ft 


It 

If 


tt 


Establishing 
Contour  Cultiva- 
tion in  Orchards 
Strip  Cropping 
Terracing  ( Orchard )Miles 
Terrace  System    "  Acres 
Cover  Crops 
Listing  or  Basin 
Listing 

Contour  Furrows 
or  Ridges 
Plantir^  New 
Pasture 
Farm  Ponds 
Planting  Perma- 
nent Hay 
Planting  Wild 
life  Ajreas 
Planting  Trees 
Annual  Ditch 
Systems 
Mulched 
Diversions 
New  Fence 
Construction 


n 

Ac .Ft. 

Acres 

It 
n 

tt 
n 

Lin.Ffc, 

Rods 


31 
120 

53 


8U 
650 

255 


252 


952 


280 


90  10 


88  12 


17  83 


I6i4.6  100 

13  100 


515 


15 


85 


7.1^8 

7.9i}. 

8J48 


19a60 
0.02 

1.35 


59 

529 

100 

5.58 

5.00 

10)4 

106 

100 

1,02 

1,00 

**  6,5 

hlh 

19 

81 

65.70 

50,00 

**  61 

19 

81 

6.79 

6,00 

32 

81 

100 

2.55 

2.55 

7.1I8 

7o9ii 
7.00 


19.60 
0,02 

1.00 


Small  units  and  complex  systems  of  faming  have  tended  to  increase  costs, 

**  For  fiscal  year  ending  June  30#  1939* 
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SCHEDULE  6 


GEIIERAL,  jU)MINISTRATIVE,  MD  I^TFORl.I^TIONAL  DATA 

Up  to  March  1,  191+0 

Current  Date:    March  1,  I^a-O* 
Date  First  Agreement  Signed 5 

May  27,  1956. 
Total  Period:    ^  9_ 

Yrs.  Mos. 

Regions    3      Statet    Michigan      Projects    I      Benton  Harbor      Benton  Harbor 

No»  Name  Headquarters 

GEITERAL 

Counties  affected s  Berrien 
Problem  area: 

The  Benton  Harbor  Project  was  set  up  as  a  demonstration  of 
erosion  control  practices  for  the  "LsJce  Shore  Fruit  Belt*"    This  belt 
consists  of  a  strip  of  land  extending  along  the  eastern  shore  of  Lake 
Michigan  from  Petoskey  to  the  Indiana  state  line*    The  total  area 
includes  approximately  5*500*000  aores# 

The  soils  are  derived  from  glacial  outwash,  glacial  till,  and 
beach  sends.    The  principal  series  include  Coloma,  Einrnet,  Belief ontaine, 
and  Plainfield»    The  topograpy  is  undulating  and  rolling  to  hilly  in 
some  of  the  larger  dune  sections* 

Wind  erosion  is  a  serious  problem  throughout  the  entire  area. 
Shoot  erosion,  -with  8  loss  of  75  to  100  percent  of  the  surface  soil, 
has  affected  one-he  If  of  the  area.     Ihe  remainder  shows  e.  loss  of  25  to 
50  percent  of  the  topsoil»    The  growing  season  varies  from  lIj-0  to  I60 
days  and  rainfall  averages  28  to  3h  inches* 

The  crops  grown  consist  prinarily  of  cherries,  peaohes,  apples, 
and  truck  crops* 

Date  project  approved?    July  1,  1935o 
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SCHEDULE  6 


GENERAL,  ADICENISTRATIVE  AND  BIPOFmTIONAL  DATA  (COKT'D.) 
ADimilSTRATIVE 


Fiscal 

Teohni- 

Regular 

Year 

oians 

Clerks 

Laborers 

Foremen 

1935 

1 

15  8/13 

h  12/13 

26 

1 

1936 

13  3/4 

5/12 

25  7/2^1- 

1 

!  1937 

11 

3  11/12 

25  5/2U 

1 

1938 

10 

3 

22  1/3 

1 

1939 

8  1/12 

3  2/5 

9 

1 

19U0 

h 

1 

i4  2/3 

0 

Total  mBi\»^ays  lu  P.  A*  labor  i4.0ii.9 
Total  man-days  CCC  labor  none 


Fimotional  organization  chart  showing  flow  of  authority  to 
project. 

To  be  supplied  at  Regional  Offices 
Cemps  administrat5.vely  attached  to  projeoto 
None 
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SCHEDULE  6 

GENERAL,  ADMNISTRATIVE,  AMD  IM'ORMTIONAL  DATA  (COMT»D.) 


n;^ORl/[ATIOML 


No«  visitors  to  project:  1,I;.82 

No.  radio  programs,  "by  stations:  None 

Jlo*  farmers  meetings:  81 

Estimated  attendance:  3#75Q 
No.  farmer  tours t  73 

Estimated  attendance:  1,000 
Noc  student  tours:  23 

Estimated  attendance:  300 

Principal  interested  newspapers:  Average  circulation? 

News  Palladium,  Benton  Harbor  12,000 

Herald  Press,  St.  Joseph  6,000 

Niles  Daily  Star,  Niles  3*500 

Berrien  County  Record,  Buchanan  2,000 

Watervliet  Record,  V/atervliet  1,200 

CoiTjnunity  Enterprise,  Eridgman  2,100 

No.  movies  shown:  32 

Estimated  attendance:  1,300 
No*  miles  of  sign-marked  highways  within  project:  15 
Ave.  daily  auto  traffic  along  such  sign -marked  highways:  6,1^3 
No,  pieces  printed  literature  distributed:    No  record 
No.  CCC  students  in  off  duty  courses:  None 
No.  exhibits  shovms  51 

Estimated  visitors  at  exh»:  60,000 
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demonstrational  runoff  and  soil 

LOSS  PLOTS 

,0'       ■  -  R.  17.  W. 


OEFARTMCNT    OF    .A  6  R  I C  U  L  T  U  R  £1 

SOIL  CONSERVATION  SERVICE 
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LB&MID  FOR  RBCOM-IAISSAxICE  I^'l/lPS 
SOILS 

i|.  Muoks  and  Peats 

33  Nappanee  Silt  Loem 

35  Miani  Silt  Loam 

I4I4.  Brookston  Loam 

261  Griffin  Siltj^  Clay  Loam 

560  Genessee  Silt  Loam 

i+lO  Ilillsdale  Loam 

J4.5O  Fox  Loam 

610  Hillsdale  Sandy  Loem 

615  Belief ontaine  Sandy  Loam 

635  Oshtemo  Sandy  Loam 

6I4I  Allendale  Sandy  Loam 

719  Coloma  Lomay  Sand  (Retentive  phase) 

720  Coloma  Loamy  Sand 
950          Plainfield  Sand 

SLOPES 

H  -  0  -  5  percent. 

EK  -  Over  50  percent  of  area  from  0-5  percent  slopes,  remainder 

mostly  from  5-10  percent* 
HKN  w  About  50  percent  of  slopes  in  area  ranging  from  0-5*  about 

one-fourth  of  area  from  5-lC  percent  slopes  end  the  remainder 

from  10-20  per cent • 
K  -    Slopes  ranging  from  5-10  percent. 

KN  -  llore  than  one-half  of  area  composed  of  slopes  ranging  from  5-10 
percent.    Most  slopes  of  the  remaining  area  ranging  from  10-20 


perc  ent 


• 


r 


01., 


.1  ....c: 


€ 
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SLOPES  (Continusd) 

M  •*  Most  of  area  comprised  of  slopes  ranging  from  10-20 

percent  in  association  "with  predominately  5-10  percent 
slopes« 

EROSION 

1»    Slight  to  moderate  sheet  erosion,  usually  less  than  25 
percent  of  the  surface  soil  removed* 
iLl-m    Slight  to  moderate  sheet  erosion  combined  with  slight  to 
moderate  wind  erosion. 
llrl*    Slight  to  moderate  sheet  erosion,  slight  to  moderate  wind 
erosion  and  occasional  gullying,  mostly  less  than  four 
feet  deep» 

27 •    Moderate  sheet  erosion  and  occasional  gullying. 
2l4.7»    Moderate  sheet  erosion,  slight  to  moderate  wind  erosion, 

and  occasional  gullying. 
37»    Moderate  to  severe  sheet  erosion,  (usually  more  then  50 

percent  of  the  surface  soil  removed),  combined  with 

occasional  gullying. 
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A©    Erosion  and  slope  oonditionso 

!•    Northern,  or  Millburg,  Area  of  the  Benton  Harbor  Project* 
The  follovdng  data  is  based  upon  a  detailed  reconnaissance 
survey  of  the  areat 


SLOPES 


DEGREE  OF  EROSION 


H  -  6022  Acres 

1  -  33h2 

HK  «  2977 

H 

2  -  2520 

HKM  p.  2977 

tt 

27  -  1C75 

K  -  U928 

37  -  161^!. 

KH  -  i^j6l7 

• 

It 

lU  -  877 

m  -  3166 

tf 

lii7  -  IIU8 

2h  -  75U3 

H 
tt 


Total  general  area  affected  by  wind  erosions  -  12,i|23  acres. 
Refer  to  Figures  I4.7  sind  I43  end  legend  for  interpretation  of  above 
symbols. 

2o    Southern,  or  Barodaf  Area  of  the  Benton  Harbor  Project. 
SLOPES  DEGREE  OF  EROSION 


H 
HK 
K 
KN 
NKS 


775  Acres 

2939  " 

738  " 

ll!j60  " 

1128  »» 


1  -  3712  Acres 

2  -  1]65  ** 
27  -  1235  " 

37  -  1628  " 


Refer  to  Figures  hi  for  legend  to  above. 

Table         Sianraary  of  results  of  soil  conservation  surveys 


1 


I  I 


r  - 


,1  " 


I-  # 
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Predominant  Soil  Types* 

1»    Modification  of  Soil  Svrvey  of  Berrien  Coimty,  published 
in  1927 #  "was  used  as  a  basis  for  the  following  information 


a«    Northern,  or  Millburg,  Area« 

SOIL  TYPES  .  ACRES 

Nappanee  Silt  Loam  1352 

Wappanee  Loam.  179 

Miami  Silt  Lo©m  117 

Hillsdale  2131 

Bellefontaine  Sandy  Loam  I7OO 

Coloma  Loamy  Sand  i+9^0 
Coloma  Loamy  Sand  (Smooth  Phase)  87l;3 

Plainfield  Sand  980 

Allendale  Sandy  Loara  I8O9 

Brookston  Loam  7^9 

He-wton  Silty  Clay  Loam  58 

Mucks  and  Peats  282 

hm    Southern,  or  Baroda,  Area* 

SOIL  TYPES  ACRES 

Nappanee  Silt  Loam  576 

Miami  Silt  Loam  1^2 

Bellefontaine  Loam  and  Hillsdale  819 

Bellefontaine  Sandy  Loam  1753 

Fox  Loam  576 


f 


m  22k 


h.  (Con»t«) 

SOIL  TYPES  ACRES 

Oshtemo  Sandy  Loam  hl^ 

NeiTbon  Silty  Clay  Loeia  58 

Uewton  Losm  26 

Genessee  Silt  Loam  301 

Griffin  Silty  Clay  Loam  115 
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KIND 

AGE 

NO.  THOUSAM)S 

Arborvitae  Oriental 

1-1 

•538 

Ash,  Mountain 

1-0 

«200 

Barberry,  Japanese 

1-0 

•200 

Barberry,  Japanese 

2«0 

.200 

Buffalo  Berry 

1-0 

•500 

Car ag ana 

1-0 

1.500 

Car  ag  ana 

1-0-1 

•200 

Catalpa 

1-0 

3*000 

Cedar,  1/yhite 

2-1 

•200 

Cherry  Bush 

1-3 

•  085 

Cherry,  Choke 

1-0 

•800 

Chestnut,  Chinese 

1-0 

•600 

Chestnut,  Chinese 

2-0 

•700 

Coral  Berrj'' 

3  Plus 

1.1:25 

Coral  Berry 

h  Plus 

.800 

Cornus  femina 

.100 

Cottonwood 

1-0 

•300 

Dogwood,  Gray 

1-0 

.li50 

Dogwood,  Gray 

3  Plus 

1.300 

Dogwood,  Red  osier 

1-0 

•500 

Hazel,  American 

1-0 

.800 

Hickory,  Pecsn 

1-0 

.100 

Honeysuckle  Bush 

1-0 

.100 

Lilac 

1-0 

.600 

Locust,  Black 

1-0 

5U.U60 

Locust,  Black 

1-0-1 

12.9^0 

Locust,  Black 

1-1 

21.880 

Maple  Sugar 

1-0 

•300 

Mulberry,  Red 

1-0 

•500 

Iv5ulberry,  liyhite 

1-0 

1.700 

Oak,  Bur 

1-0 

5.070 

Oak,  Bur 

1-0-1 

1.000 

Oak^  Pin 

1-0 

.300 

Oak,  Red 

Oak,  Red 

1-0 

13tU80 

Oak,  Red 

2-0 

.060 

Oak,  Swamp  li^ite 

1-0 

.500 

Oak,  Swamp  Yvhite 

2-0 

•350 

Oak,  "i^ite 

Oak,  ?/hite 

1-0 

.200 

Oliye,  Russian 

1-0 

•k50 

(BU.) 

SEED 


CUTTINGS 


1 

16* 


J.O. 


Table  5*    Summary  of  tree  planting  on  the  project  area© 


I 


-  227  - 


(BIT.  ) 

KIND  AGE  N0>  THOUSANDS      SEED  CLTTDTGS 

Knej  Austrian  2-0  3o3l).0 

Pine,  Austrian  2-1  .695 

Pinaj  Austr4-an  2-0  1»133 

Pine,  Redio  2-0  12,300 

Pine,  Red±/  2-0-1  2.000 

Pine,  Red  2-1  I6.315 

Pine,  Red  2-1-1  oOii-O 

Pine,  Red  2-2  19 .^25 

Pine,  Red        /  2-2-1  31.UB0 

Pine,  Scotchi/  2-0  2,300 

Pine,  Sootoh  2-1  11,150 

Pine,  Scotch  2-2  t.250 

Pine,  Western  Yellow       2-0  1.200 

Pine,  Western  Yellow       3-0  2,5U0 

Pine,  Western  Yellow    .    3-1  .I70 

Poplar  3  Plus  3 •TOO 

Poplar,  Yellow  1-0  2.000  10 

Poplar,  Tulip  1-0  k*7^0 

Poplar,  Tulip  2-0  .600 

Poolar,  ^miite  1-0  .300 

Red  Bud  1-0  .200 

Rose,  Prairie  1-0  #100 

Spruce,  ITo rvmy  2-0  .500 

Spruce,  !Morway   ,  2-1  11.650 

Spruce,  Worv;ay=/  2-1  .9OO 

Spruce,  Norway  2-0-1  ©945 

Spruce,  Norway  2-1-1  "525 

Spruce,  vVhite  2-0  2.595 

Walnut,  Black  1-0  7.100  9  8/15 

Walnut,  Japanese  *030 

Willow  1  Plus  1.500 

Willow  3  Plus  i}-.U90 


Total    Ij2  species  263. OUO         1;2  8/15  90690 

ly    These  trees  furnished  by  cooperator.    All  other  furnished  by  S,  C«  S. 
All  trees  planted  by  S,  G.  S. 


Table  5»  -  continued 
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Typical  Woodland  Management  Plan 

Introduction. 


In  the  Cooperative  Agreement  which  you  entered  into  with 
the  U.  S.  Department  of  Agriculture,  Soil  Conservation  Service* 
you  agreed  to  protect  the  woodland  in  Field  la  from  fire  ©Jid  graz- 
ing and  to  liervest  all  woodland  products  in  the  future  on  a  selec- 
tion basis© 

The  Government,  in  their  part  of  the  Cooperative  Agreement, 
agreed  to  do  timber  stand  improvement  on  one  acre  and  to  furnish 
you  with  a  siniple  plan  for  management  of  your  woodland,  in  order 
that  maximum  production  may  be  obtained  from  your  woodland* 

"y^hat  you  have» 

Your  h»^5  acres  of  woodland  consists  of  a  stand  of  mixed  oak 
(red,  black  and  white  oak),  hickory,  black  cherry,  with  an  under- 
story  of  dogwood* 

An  inventory  of  the  timber  in  your  woodland,  in  which  all 

trees  6  inches  in  diameter  and  over  were  measured  (diameters 

measured  at  U»5  feet  from  the  ground)  indicates  35  standard  cords 

per  acre,  or  a  total  of  I50  standard  cords.     (A  standard  cord  is 

a  pile  of  wood  h  feet  wide,  k  feet  high  and  8  feet  long).    The  saw 

timber  vor^une  for  trees  lU  inches  in  diameter  and  over  is  as  follows 

On  1.0  acre  On  acres 

Black  oak  8,000  bd.  ft.  314,000  bd.  ft. 

Red  aak  5OO  2,125 

miite  oak  200  85O 

Black  cherry  l^O  I70 

Hickory  3OO  1, 275 


-  229  - 

This  makes  a  total  of  9,QL:0  bd,  ft#  per  acre,  or  38jl|.20  bd.  ft. 
on  the  U»25  acres.     2ie  saw  timber  volume  was  computed  on  i±ie  bp.sis  of 
using  the  International  Log  Rule       inch  savr-kerf )  and  deducting  10 
percent  for  cull. 

Grazing  of  your  woodland  in  the  past  has  resulted  in  lack  of 
reproduction  (small  trees  and  seedlings)  and  a  slower  growbh  rate 
than  if  protected.    Protection  and  proper  methods  of  harvesting 
(removal  of  vines,  decadent  trees  and  trees  shovang  lack  of  vigor)' 
will  make  available  space  for  young,  desirable  trees  and  should 
result  in  an  increased  grovrfch  rate* 

li?hat  you  need» 

Taking  the  size  of  your  farm  buildings  into  consideration,  a 
reserve  of  timber  should  be  kept  at  hand  to  teke  care  of  periodic 
emergency  needs  for  farm  buildings  eiaounting  to  20,000  bd.  ft. 
Your  annual  needs  for  woods  products  include:    8  standard  cords  of 
fuel  wood,  20  posts,  UOO  bd.  ft.  lumber,  snd  2,000  bd,  ft.  for  fruit 
packages.    These  annual  needs  expressed  in  one  unit  are  equivalent 
to  13  standard  cords.    Due  to  the  fact  that  oak  is  not  usual I37  used 
for  fruit  packages,  your  annual  needs  can  be  put  at  9  standard  cords. 
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G-rovrbh  studies  made  in  your  protected  woodland  indicate 
that  it  is  grovang  2 .5  standard  cords  on  iiie  U«25  acres •  Since 
your  annual  requirements  are  9  standard  cords,  you  are  depleting 
your  grov;ing  stock  at  the  rate  of  6«5  stand. ard  cords  per  yeer* 
It  may  be  possible,  under  intensive  management,  to  bring  your 
growth  rate  up  to  6  standard  cords  for  Field  la  but  until  that 
time,  you  will  have  to  depend  on  the  grazed  woodland  in  Field  lb 
for  the  remaining  6»5  standard  cords  to  fill  your  annual  require- 
ments*   Field  lb  now  contains  approximately  270  standard  cords  for 
all  trees  6  inches  in  diameter  and  over» 

How  to  manage  your  woods* 

Qhis  plan  analyzes  your  need  for  woodland  products,  material 
available  to  meet  this  need,  and  outlines  recommended  practices  to 
guide  you  in  the  future  treatments  of  your  woodland*    The  objectives 
of  mejiagement  sre  designed  to  keep  your  woodland  permanently  and  in- 
creasingly effective  for  soil  and  water  conservation,  to  maintain  a 
reserve  supply  of  high  quality  timber  to  replace  or  repair  buildings, 
to  provide  a  perpetual  annual  supply  of  wood  products  for  home  use, 
and  to  increase  the  annual  growth  to  the  maximum  of  which  the  site  is 
capable* 

Some  general  recommendations  are  set  forth  below  to  assist  you 
in  attaining  the  objectives  listed  above j 

1*    Continue  to  protect  your  woodland  from  fire  and  grazing 
(Figure  50*) 
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Figure  50.    Katiiral  reproduction  is  limited  in  past^ared 
woodlands.    Mature  and  decadent  trees  ere  all  that  remain. 
(Mioh-i|3  ) 


c 


2»    l/Vhen  harvesting  trees,  alv^ays  use  the  selection  raethod. 
This  means  the  removal  of  tr-ees  of  large  dismeters  that  show  lack 
of  vigor  or  are  "going  back",  dead,  defective,  and  trees  of  poor 
form  (crooked  and  knotty  trees  which  never  will  produce  high  quali- 
ty saviT  timber)  and  all  vines  growing  on  trees #    Save  the  young  trees 
of  desirable  kinds  to  produce  high  quality  timber  for  future  cuttings. 
Wien  trees  are  cut,  they  should  be  felled  so  ihat  minimum  damage  mil 
be  done  to  trees  that  are  left.    Cut  stumps  low  and  utilize  low  grade 
logs,  branches,  tops  for  posts,  fire  wood,  etc.    All  material  too 
small  to  use  should  be  cut  up  and  scattered  so  it  will  lie  cloSe  to 
the  ground.    !l3iis  material  is  an  important  source  of  orgajiic  matter 
that  should  not  be  destroyed  by  burning. 

,  3«    1/Vhen  cutting  logs,  the  trees  should  be  cut  up  so  as  to 
secure  as  many  straight,  clear  logs,  free  from  defect,  as  possible* 
It  is  usually  advisable  to  place  the  logs  on  skids  or  blocks  if  they 
are  not  rem.oved  from  the  woodlot  irmediately  after  cutting.  Fire 
wood  should  be  piled  on  skids  to  prevent  its  contact  with  the  soil 
and  permit  air  oircula-ti  on  to  secure  proper  seasoning*    Fuel  wood 
that  is  thoroughly  seasoned  or  "dried"  will  produce  from  50  "bo  60 
percent  more  heat  than  green  wood.    Ihis  seasoning  requires  approxi- 
miately  one  year,    ^^ence  posts  of  durable  woods  should  be  peeled  end 
piled  so  "they  will  season  well  before  setting.    Non-durable  Y/oods 
may  be  treated  with  some  preservative  to  make  them  last  longer  after 
setting  in  the  ground.    If  zinc  chloride  treatment  is  used,  the  posts 
must  be  green  with  "the  bark  left  on.    Creosote  treatment  should  never 
be  applied  unless  the  posts  are  peeled  and  thoroughly  seasoned© 
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h*    A  border  or  margin  of  30  feet  should  be  left  arovind  yovir 
woodlejid.    No  cutting  should  be  done  in  this  border,  other  than  that 
necessary  to  salvage  timber  from  being  wasted*    This  border  serves 
as  a  windbreak  for  the  interior  of  -tlTie  v/oodso 

5«    In  addition  to  the  seed  end  seedlings  plsnted  by  the 
Soil  Conservation  Service,  it  may  be  necessary  to  do  some  more  plant- 
ing if  good,  natural  reproduction  does  not  come  in  soon  enough  in 
openings  which  will  occur*    Sugar  or  hard  maple,  red  oak^  7;hite  oak, 
black  vralnut,  and  whitewood  (tulip  poplar)  are  recommended  for 
planting. 

Specific  recommondations  outlined  below  are  designed  to  bring 
about  maximum  growth  capacity  on  evei'j'-  acre  of  woodlend  in  the  least 
tim.e  possible* 

lo    During  the  winter  of  1959-UO,  remove  vines,  dead,  down, 
and  deformed  trees  from  the  woodland  in  Field  la«    After  tiiis 
1939"U0  period,  if  vines  or  trees  with  defects  as  described  above 
appear,  they  should  be  removed* 

2.    During  the  winters  from.  19L\Q'1>1  through  19h.^A+6,  cut  only 
enough  trees  to  total  2o5  standard  cords.    Those  should  be  trees  of 
large  diameters,  that  show  lack  of  vigor  and  any  defective  or  de- 
formed trees.    If  trees  16  inches  in  diemeter  and  over  are  removed,  it 
will  require  approximately  l\.  to  5  trees  to  yield  2»5  cords.     If  your 
sjinual  needs  are  less  than  indicated,  or  it  is  taken  care  of  by  woods 
from  other  fields,  the  anr.ual  oi^  should,  of  coi^rse,  be  decreased. 
Specified  cutting  plans  teyorA  19k5  can  be  worked  out  at  that  time. 
Those  plsjns  will  take  into  consideration  the  gro-vvth  rate,  amounts, 
and  condition  of  the  timber  at  -that  date* 


3»    In  order  to  secure  desirable  reproduction  in  sufficient 
©mounts,  it  will  he  necessary  to  control  the  grovrth  of  dogwood  so 
it  will  make  up  only  a  small  percentage  of  the  stand.  Information 
on  suggested  ways  of  control  will  be  given  you  at  a  later  date* 

The  smell  size  of  your  woodland  and  the  fact  that  you  will 
need  all  the  wood  your  woodlejid  will  produce,  makes  the  sale  of 
woodland  products  of  minor  importajnce.    However,  if  a  case  arises 
for  sale  of  tinberj  there  are  a  number  of  good,  local  markets  where 
timber  can  be  sold* 

It  is  doubtful  if  the  U«25  acres  vri.  11  ever  grow  enough 
annually  to  take  care  of  your  annual  needs,  so  it  would  seem  highly 
desirable  to  protect  at  least  two  more  acres  of  Ihe  woodland  that 
are  now  grazed.    The  woodland  in  Field  la,  however,  should  increase 
in  grovrbh  and  supply  a  share  of  your  annual  needs  for  woodlsjid  pro- 
ducts. 

Woodland  Records. 

Yfoodlsnd  records  should  be  kept  along  with  your  other  farm 
records,  as  part  of  the  farm  business.    A  suggested  form  is  attached© 
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Notes  on  Gully  Control 

Ramser's  (8)  curves  for  Region  3  were  used  in  determining 

run-off,  except  for  watersheds  over  50  acres.    On  larger  watersheds, 

the  Rational  formula  (8)  was  used  to  calculate  run-off.  Channel 

sizes  were  at  first  designed  as  given  under  terrace  outlets  and 

later,  the  tables  and  curves  (l)  given  at  the  February  conference 

for  £•  C.  W.  and  S.  C.  S«  engineers  were  used  to  determine  chejanel 

sizes,  except  for  watersheds  over  50  acres.    These  larger  channels 

were  designed  by  using  Manning's  formula  (l)»    Tables,  based  on  the 

3/^ 

formula  Q  s  2.5  LH       were  used  in  determining  the  size  of  weir 
notches  for  dams.    The  design  of  flumes  and  drop  inlets  was  based 
on  the  work  of  Lewis  Kessler  (2)  of  the  Wisconsin  Engineering 
Experiment  Station,  the  notes  on  flume  design  by  R.  B.  Hickok  (5) 
and  King's  Handbook  of  Hydraulics  (6). 
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Notes  on  Design  end  Use  of  Gravity  Dams 

!♦    Gravity  dams  are  designed  as  retaining  •walls© 

2»    Batter  is  placed  on  the  upstreem  side  so  that  a  better 
seal  is  established  between  soil  and  concrete.    Downward  pressure 
of  soil  minimizes  cracking  away  of  the  soil  from  the  concrete  face* 
Upstream  batter  also  gives  better  protection  from  ice  thrusts* 

5»    Gravity  dpips  are  used  as  gully  plugs  where  gullies  are 
especially  deep  and  narrow  and  when  land  values  are  high,  one  large 
gravity  dam  will  reclaim  more  area  than  a  series  of  small  check  deims. 

h»    Gravity  dams  can  be  built  economically  only  where  large 
quantities  of  boulders  or  rock  are  available*    Boulders  up  to  two 
feet  in  diameter  may  be  used  in  the  bottom* 

5»    A  great  saving  of  cement  can  be  made  if  rocks  are  placed 
in  layers  and  concrete  poured  around  one  layer  at  a  time* 

6*    Steel  fence  posts,  or  similar  steel,  can  be  used  for  the 
little  reinforcing  needed* 

7«    Forms  are  simple  to  build* 

8*    Apron  ejid  wing  extensions  are  poured  after  forms  are 
stripped  from  the  gravity  section*    They  are  anchored  to  the  main 
section  by  placing  rods  or  steel  fence  posts  into  the  dam  when  it 
is  poured* 
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Notes  on  Use  and  Design  of  Arch.  Dejus 

!•    Arch  dams  ■bring  nearly  all  stresses  in  concrete  into  com- 
pressionj  the  result  is  a  great  saving  in  steel. 

2#    Abutments  may  be  made  massiirej  boulders  may  be  used  as 
aggregate,  if  they  are  available* 

3«    A  hinged  arch  allovrs  for  movement  in  abutmoats,  due  to 
settling  or  frost  action* 

h*  The  arch  type  weir  wall  minimizes  the  hazard  of  failure 
around  the  end  of  head  wall  extensions,  due  to  the  fact  that  it  is 
curved  upstreem  and  some  of  the  storm  water  is  actually  going  over 
the  weir  wall  before  it  reaches  the  head  wall  extension.  5his  re- 
lieves the  head  wall  extension  of  considerable  hydrostatic  pressure. 

3»    The  forms  necessary  to  construct  an  arch  dam  are  naturally 
rather  complicated,  but  they  may  be  used  over  and  a  greater  variation 
in  size  cf  dam  can  be  obtained  by  using  these  forms  than  can  be  ob- 
tained by  using  almost  eny  other  type  of  form  for  check  dams. 

6,    Because  of  the  high  cost  of  constructing  a  true  hinged 
arch,  a  modified  hinge  was  used  on  the  project.    It  consists  of 
reinforcing  used  as  doll  bers  and  a  sheet  of  corrugated  sheet  iron 
as  a  separator. 

7»    This  arch  ty^e  dam  is  especially  adaptable  to  use  in 
wide  waterways,  such  as  terrace  outlets,  "s^ere  the  steel  required 
in  a  standard  check  dam  would  be  maximum. 

8.    In  the  construction  of  this  dsm,  the  abutments  are 
poured  first.    The  arch  wall  is  poi^red  after  forms  are  stripped 
from  the  abutments© 
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9#    Arch  slabs  are  poured  on  a  footer.    Uo  attempt  is  made  to 
establish  bond  between  footer  and  arch  wall* 

10«    Apron  is  poured  last  after  back-fill  is  made  around  arch 
wall,     ^is  reduces  vertical  beam  action  of  arch  slabs  to  a  minimum* 
A  further  precaution  against  beam  action  would  be  made  on  larger  dams 
by  using  a  1  inch  mastic  joint  between  apron  and  arch  slabs* 
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Notes  on  Orchard  Terracing 

History  of  orchard  terracing* 

The  first  terraces  on  orchard  land  were  built  by  the  Soil 
Conservation  "Service  in  the  spring  of  1957*  on  the  Roy  Butzbaoh 
fajnai,  in  Bainbridge  Township*    These  were  built  as  level,  closed- 
end  terraces.    It  was  feltj  at  that  tirjs,  that  the  maTcimuni  amount 
of  moisture  should  be  conserved  because  of  the  drouthy  nature  of 
the  Coloma  loam^r  spjid,  which  was  the  soil  type  terraced  in  this 
case.    The  terraces  were  designed  and  located  to  hold  a  total  rain- 
fall of  h  inches  in  2k.  hours,  on  frozen  ground.    They  were  located 
by  a  trial  and  error  method  on  a  contour  map  before  being  staked 
out  in  the  field.    The  design  called  for  an  absorptive  type  terrace 
(built  from  both  sides)  with  a  ridge  height  of  18  inches.  Inasmuch 
as  this  was  the  first  terrace  job  attempted  on  ihe  sandier  soils  of 
the  area,  some  difficulty  was  experienced  in  moving  the  sandy  soil. 
Consequently,  the  terraces,  when  finished,  vrere  too  high  and  too 
narroTiT  to  be  maintained  satisfactorily.    Under  cultivation,  the 
effective  height  of  the  terrace  has  been  reduced  approximately  h 
inches.    These  terraces  have  not  been  severely  tested  to  date 
because  the  terrace  chejinels  and  terrace  intervals  have  been  main- 
tained in  alfalfa.    Cultivation  has  been  performed  only  along  the 
tree  rows  which  were  located  on  the  terrace  ridges  or  parallel  to 
the  ridges  in  the  terrace  intervals. 


-  2l;l  - 

Two  other  orchards  were  terraced  during  1937       Coloma  soil 
types.     Hie  spacing  of  these  terraces  v^as  governed  by  the  standard 
spacing  of  terraces  (12)  for  the  North  Central  States.    One  and  one- 
quarter  miles  of  level  open-end  terraces  of  tho  absorptive  type  were 
constructed  on  the  J.  D.  Bury  fejrm  in  Benton  Tovmshipt    Because  of 
the  deep,  sendy  soil  ejid  a  hunsnocky  conditon  caused  by  wind  erosion, 
considerable  difficulty  was  experienced,  in  constructing  these.  The 
two  factors  which  caused  most  of  the  difficulty  were  first,  the  in- 
ability of  the  Noo  1  terracing  machine  to  move  the  send  laterally, 
and  second,  the  occasional  sinking  of  the  steel  terracer  wheels  into 
the  soft,  sandy  subsoil.    As  a  result,  this  terrace  job  was  not  con- 
sidered first-oless  and  it  was  believed  uneconomical  to  spend  the  time 
that  would  be  required  to  perfect  it  with  the  available  equipment. 

The  third  terrace  system,  built  during  1937*  "was  rather  small* 
Only  two  terraces,  approximately  I|.00  feet  long,  were  built  on  the 
Elnil  Jaffke  farm  in  Painbridgo  Tovmship.    The  maximvan  spacing  was 
used  for  these  terraces.    That  is,  the  standard  spacing,  plus  20 
percent  for  contour  cultivation  of  -tiie  terrace  interval.    The  top 
terrace  channel  had  a  variable  grade  rajiging  from  0.2  percent  at 
the  upper  end  to  O.ii  percent  at  the  lower  end.    The  lower  terrace 
was  constructed  with  a  uniform  grade  of  0,2  percent.    No  particular 
difficulty  was  encountered  in  constructing  these  terraces,  as  the 
subsoil  was  not  as  sandy  as  that  previously  encountered.    More  ex- 
amples of  early  orchard  terracing  could  be  given  here,  but  the  three 
given  will  suffice  to  furnish  the  backgroimd  around  i^ich  "the  improve- 
ments in  orchard  terracing  were  made. 


Terraoe  maintenance  (letter  to  oooperator)^ 


Des-T  Cooper ators 

TERRACE  mBTTSHAITCE  BY  PLCP^NG  MB  DISCING 
Terraces  must  be  supported  by  correot  tillage  and  cropping 
practices  in  order  to  be  maintained.     The  most  desirable  practice 
for  terraced  land  is  contour  fanning  —  the  plowing,  discing,  and 
planting  of  crops  perallel  to  the  terraces.    This  produces  a  series 
of  small  depressions  and  ridges  and  these  aid  in  moisture  conserva- 
tion and  erosion  control.    By  plowing  parallel  to  the  terraces  and 
regulating  the  location  of  dead  furrows  snd  back  furrows,  terraces 
can  be  maintained  and  their  cross-sections  or  shapes  changed  so  as 
to  provide  the  most  desirable  slopes  for  any  particular  field. 


The  method  of  locating  dead  f  urrows  and  back  furrows  as  shovin 


cropland  terraces  in  the  Benton  Harbor  area.    In  many  cases  where 
orchards  are  set  to  peaches,  there  will  not  be  sufficient  space  to 
carry  out  the  third  step  as  shov/n  in  the  illustration  without  much 
loss  of  tinB  in  turrJngc     It  is  suggested  that  after  Step  2  of  the 
illustration  is  completed,  the  remaining  land  bo  disced  out  by 
working  parallel  to  the  terraces;  that  is,  the  land  left  after  the 
channels  have  been  plowed  out  and  back  furrows  thrown  up  to  the  short 
or  point  rows  which  are  not  terraced. 


in  the  attached  illustration 


1/ 


is  considered  best  for  orchard  and 


Illustration  referred  to  is  Figure  15» 


I.  t 
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-  2U5  - 

If  the  plowing  is  to  be  done  by  team,  it  is  suggested  that 
a  one  horse  plow,  equipped  with  a  short  whippletree,  be  used  in 
making  the  first  two  or  three  rounds  next  the  trees.    If  a  tractor 
is  used,  the  plow  hitch  should  be  off-set  as  far  as  possible  toward 
the  tree  row.    In  this  way,  plowing  may  be  done  fairly  close  to  the 
trees  without  injuj:'ing  them* 

Methods  other  than  the  one  illustrated  may  be  used  if  the 
terrace  channel  is  in  good  condition.    One  other  such  method  is 
simply  to  back-furrow  to  each  tree  row  and  terrace  ridge  and  plow 
around  until  land  between  rows  or  terraces  is  plov/ed  out.    In  main- 
taining cropland  terraces,  the  location  of  dead  fuirrows  and  back 
furrovfs  between  terraces  should  be  varied  somewha.t  annually. 

Terraces  may  also  be  maintained  by  discing  —  if  a  single 
disc  is  not  available,  use  only  the  front  half  of  a  tandum  disc. 
The  disc  should  be  set  so  as  to  work  the  ground  away  from  its 
center.    The  disc  should  be  operated  parallel  to  the  terrace  ridge 
so  that  the  soil  is  worked  up  toward  the  trees,  or  the  top  of  the 
ridge,  allowing  one-half  of  the  disc  to  run  in  the  terrace  channel. 
On  a  return  trip,  again  allow  one-half  of  the  disc  to  run  in  the 
channel  and  the  other  half  to  move  the  soil  up  the  terraced  back 
slope,  away  from,  the  terrace  channel. 


5. 
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Terre.Qp^  outlets  ♦ 

At  the  outset,  both  artificial  and  natural  outlets  were 
designed  by  using  Manning's  formula  (l)  for  a  maxinnam  velocity  of 
3  feet  per  second.    Later,  this  designed  velocity  was  raised  to  ij. 
feet  per  second*    Flat  bottom  channels,  having  side  slopes  cf  three 
to  one,  or  four  to  one,  and  having  a  minimum  depth  of  18  inches,  were 
generally  used  as  specifications  for  designing  these  channels.  After 
approximately  10  outlets  were  designed  for  watershed  areas  '.ip  to  15 
acres,  a  check  was  made  with  the  table  of  dimensions  for  terrace  out- 
lets, as  compiled  by  Calkins  (ll)  and  also  the  curves  given  by  Cook  (l)» 
Although  the  table  did  not  check  exactly  with  the  designs  worked  out, 
the  difference  was  not  enough  to  9i"fect  the  velocity  materially.  For 
watershed  areas  up  to  Ih  acres,  outlets  were  designed  by  using  Calkin's 
tables  9nd  Cook's  curves.     For  larger  watersheds,  the  design  was  worked 
out  by  using  Mar!rinc;'s  formula.    "Run-off  was  determined  by  using 
Rajmser's  (8)  run-off  curves  for  terraced  areas,  based  on  a  10-yesr 
frequency. 

Terracing  equipment. 

During  the  winter  of  1938,  the  steel  wheels  on  the  No.  1 
Caterpillar  ter racer  "rere  replaced  by  Chevrolet  truck  wheels  with 
6  inch  pneum.atio  tires,    A  block  of  concrete  weighing  300  pounds 
wes  also  added  to  the  rear  of  the  machine.    These  changes  made  a 
great  improvement  in  the  operation  o?  the  machine,  on  both  the 
light  and  the  heavier  soils.    The  wheels  no  longer  cut  into  the 
subsoil  end  there  was  less  side  slippage. 
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other  types  of  equipment  used  on  the  project  in  the  terracing 
of  orchard  land  consisted  of  small  equipment  which  was  used  primarily 
in  terracing  established  orchards.    A  Corsicana  terracer  was  used 
considerably  for  this  type  of  work«    It  did  not  work  satisfactorily 
at  first  on  the  sandier  soils  for  the  sajne  reasons  which  were  given 
for  the  No«  1  terracer  with  steel  wheels.    Early  in  the  summer  of 
1933*  two  -wheelbarrow  wheels,  equipped  with  heavy  duty,  Ii.-inch  tires, 
were  substituted  for  the  standard  steel  coulters*    To  adapt  the  new 
wheels,  their  hubs  were  reamed  out  to  permit  each  to  fit  over  the 
outer  hub  of  a  coulter  carriage*    The  two  flanges  of  a  coulter 
carriage  were  then  placed  together  and  a  vjheelbarrow  wheel  fastened 
to  the  outside  by  bolting  through  the  f laJiges  of  the  coulter  car- 
riage and  the  hub  of  the  -w^ieelbarroi'/  wheel*    A  0»5  inch  bushing  was 
used  to  keep  the  tire  from  rubbing  on  the  coulter  cleaner  carriage* 
A  picture  of  this  improved  machine  is  shov/n  in  Figure  51  • 

Pneuraatio  tires  greatly  improved  the  usefulness  of  this 
machine.    Better  control  of  the  depth  of  cut  was  obtained  and  less 
side  slippage  occurred  on  both  sand  and  heavy  soils*    V/hen  the  hea- 
vier soils  were  wet  enough  to  cause  serious  side  slippage,  they  were 
usually  too  wet  to  be  terraced  without  puddling  the  soil.    The  rather 
long  blade  adjustment  levers  of  the  Corsicana  terracer  were  frequently 
struck  by  low  hanging  limbs,  causing  a  sudden  change  in  the  depth  of 
cut. 
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Figure  51.    Corsicana  terracer  equipped  with  lij.  by  U  inch 
heavy  duty  wheelbarrow  tires  and  wheels.     The  use  of 
rubber  tires  has  improved  the  operation  of  this  machine 
on  both  sandy  and  heavy  soils.  (Mich-5Lj.O) 
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Two  Slusser  and  McLean  terracers,  equipped  -with  pneumatic 
tires,  were  purchased  for  use  on  the  project  area»    The  screw  depth 
adjustment  on  these  terracers  eliininated  the  problem  encountered  in 
orchard  work  with  the  lever  adjustment  type  terracer.    The  Slusser 
and  McLeen  terracers  have  not  been  used  extensively  to  date,  but 
inasmuch  as  this  machine  is  still  in  the  experimental  state,  a  few 
improvements  which  should  be  made  are  noted  here.    The  screv/  adjust- 
ment should  be  chenged  so  that  the  adjustment  operation  could  be 
speeded  up  end  better  thrust  bearings  at  tho  end  of  the  screw  shaft 
should  be  provided.    The  Slusser  and  McLean  machine  has  been  found 
to  be  superior  to  the  Corsicana  in  dirt  moving  ability.    Qhis  may  be 
due  to  the  increase  in  weight  over  the  Corsicana,  or  the  design  of 
the  terracer  blade. 

Recently,  the  screw  adjus-bonent  has  been  replaced  by  a  lever 
t;/pe  adjustment  on  the  Slusser  and  McLean  terracer.    The  levers  are 
shorter  and  a  more  positive  lever  guadrant  has  been  provided  than 
on  the  Corsicana.    Consequently,  their  use  in  established  orchards 
should  not  be  objectionable.    However,  since  this  change  has  been 
made,  the  terracer  has  not  been  used  in  orchard  work. 
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Two  V-drRgs  were  built  end  used  on  the  project.    Their  use 
was  confined  to  terrace  maintenance  or  the  building  of  terraces 
in  established  orchards.    The  sizes  of  these  drags  were  6  by  12 
feet  and  1  hy  ih  feet.    The  length  of  the  short  legj  or  nold  board 
side,  is  given  first  end  the  long  leg,  or  land  side  boprd,  is  given 
last.    These  drags  were  constructed  similar  to  the  dimensions  given 
by  Ramser  (9)»    Their  weights  were  250  pounds  and.  350  pounds,  res- 
pectively.   Ihe  larger  of  these  drags  was  equipped  with  one-quarter 
inch  by  3  inch  Z  iron  runners,  and  its  short  leg  was  covered  with 
sheet  iron  to  reduce  soil  friction.    Two  sizes  were  built  so  that 
the  cooper ator  could  use  the  one  best  suited  to  the  tractor  or  horse 
power  available.    The  smaller  V-drag  has  proved  successful  in  main- 
taining sand  terraces  when  used  with  a  team.    The  larger  V-drag 
proved  to  be  too  heavy  for  the  ordinary  2-plow  tractor.     This  larger 
drag  has  been  cut  down  so  that  its  dim.ensions  are  prectically  the 
same  as  those  given  for  the  lighter  drag,  but  it  has  not  been  used 
since  this  was  done* 
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